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(57)Abstract: 

PROBLEM TO BE SOLVED: To change a steering angle 
ratio characteristic for the steering angle of a steering 
handle suitably and change a steering feeling at will in 
response to the operation state of a vehicle and a 
driver s wish, in a vehicular steering device for changing 
the steering angle ratio by a variable steering angle ratio 
steering mechanism. 

SOLUTION: A vehicular steering device 1 is provided 
with a variable steering angle ratio steering mechanism 
70 in the steering system 4 from a steering handle 2 to 
steering wheels 3, 3 and is the device in which the rate 
of the steering angle of the steering wheel for the 
steering angle of the steering handle is changed by the 
variable steering angle ratio steering mechanism. A 
steering angle increase/decrease mechanism 30 for 
increasing/decreasing the rate of the input angle of an 
input shaft for the steering angle of the steering handle 
is interposed between the steering handle and the input 
shaft 77 of variable steering angle ratio steering 

mechanism. The increase/decrease ratio of the steering angle increase/decrease mechanism is 
changed by a ratio changing means. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS ■ 

[Claim(s)] • . , • • j 

[Claim 1] The steering system from the steering handle of a car to a steering wheel is equipped 
with an adjustable helm ratio steering gear style. By this adjustable helm ratio steering gear style 
In the steering system for cars into which the rate of the steering angle of a steenng wheel to 
the steering angle of a steering handle was changed said steering system for cars Between said 
steering handle and the input shaft of said adjustable helm ratio steering gear style The steenng 
system for cars characterized by making the steering angle increase and decrease of a device 
for making the rate of the input angle of an input shaft to the steering angle of a steering handle 
fluctuate intervene, and making it make the increase and decrease of a ratio of this steering 
angle increase and decrease of a device change with a ratio modification means. 
[Claim 2] Said ratio modification means is the steering system for cars according to claim 1 
characterized by being what changes the increase and decrease of a ratio of said steering angle 
increase and decrease of a device in manual operation. • o 

[Claim 3] Said ratio modification means is a steering system for cars according to claim 2 
characterized by having a regulation means to regulate said manual operation for an engine 
performance signal at the time of a carrier beam. , ■ < 

[Claim 4] Said ratio modification means is the steering system for cars according to claim 1 
characterized by being the thing into which the increase and decrease of a ratio of said steenng 
angle increase and decrease of a device are made to change at the time of below the 
predetermined vehicle speed. ■ • < a 

[Claim 5] Said ratio modification means is the steering system for cars according to claim 1 or 4 
characterized by being what reduces the increase and decrease of a ratio of said steering angle 
increase and decrease of a device for the failure signal at the time of the steering system for 
cars breaking down rather than always [ forward ] at the time of a carrier beam. 
[Claim 6] Said ratio modification means is claim 1 characterized by having the completion 
detection means of setting out for detecting that setting out of said increase and decrease of a 
ratio was completed, claim 2, claim 3, and a steering system for cars according to claim 4 or 5. 
[Claim 7] Said steering angle increase and decrease of a device are the steering system for cars 
according to claim 1 characterized by being a nonstep variable speed gear. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] . ■ .. 

[Field of the Invention] This invention relates to amelioration of the steering system especially 
equipped with the adjustable helm ratio steering gear style about the steering system carried in 
the car. 

[0002] , - 

[Description of the Prior Art] There are some to which the rate of the steenng angle of a 
steering wheel to the steering angle of a steering handle. i.e.. a helm ratio, is automatically 
changed as a steering system for cars according to the vehicle speed, for example, there is a 
technique of JP,7-257406,A "the adjustable helm ratio power steering system both for a 

vehicle." u ■ • 

[0003] According to drawing 1 - drawing 3 , and drawing 8 of that official report, this technique is 
a steering wheel 1 (the number quoted what was indicated by the official report.). It is below the 
same. The eccentricity of the input shaft 11 over an output shaft 17 is changed by carrying out 
eccentricity of the connected input shaft 11 to the supporter material 14, making it support 
pivotable, and rotating the supporter material 14 by the motor 27. Consequently, as shown in 
drawing 5 of an official report, according to the vehicle speed, the rate of the angle of rotation of 
an output shaft 17 to the angle of rotation of an input shaft 11, i.e., the helm ratio of the steering 
angle of a steering wheel 1 and the steering angle of a wheel, changes. 

[0004] ^. . u • 1 

[Problem(s) to be Solved by the Invention] Since a helm ratio changes according to the vehicle 
speed as drawing 9 of an official report shows the above-mentioned conventional adjustable 
helm ratio power steering system to a line a2. the rack stroke to the angle of rotation (steenng 
angle) of a steering wheel 1 will also change according to the vehicle speed. However, if the 
vehicle speed becomes settled, the eccentricity of the input shaft 11 over an output shaft 17 is 
fixed. Consequently, the property of a rack stroke over a handle angle of rotation will turn into 
the so-called property which becomes settled mechanically in one kind of property and which 
becomes settled uniquely for every vehicle speed. Therefore, the setting-out degree of freedom 
of the property (helm ratio property) of a helm ratio over the steering angle of a steenng wheel 1 
is small. . 

[0005] Then, the object of this invention is to offer the technique in which the helm ratio 
property over the steering angle of a steering handle can be suitably changed according to liking 
of the operation situation of a car and an operator, and steering sensation can be changed into 
arbitration in the steering system for cars into which the helm ratio was changed by the 
adjustable helm ratio steering gear style. 

[0006] . . u- X . • 

[Means for Solving the Problem] In order to attain the above-mentioned object, claim 1 equips 
the steering system from the steering handle of a car to a steering wheel with an adjustable 
helm ratio steering gear style. By this adjustable helm ratio steering gear style In the steenng 
system for cars into which the rate of the steering angle of a steering wheel to the steenng 
angle of a steering handle was changed the steering system for cars The steering angle increase 
and decrease of a device for making the rate of the input angle of an input shaft to the steenng 
angle of a steering handle fluctuate are made to intervene between a steering handle and the 
input shaft of an adjustable helm ratio steering gear style, and it is characterized by making it 
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make the increase and decrease of a ratio of this steering angle increase and decrease of a 
device change with a ratio modification means. 
_[0007] To 1. i.e., the steering angle oLa. steering handle, if the rate of the input angle of an input 
shaft [ in / in the increase and decrease of a ratio of the steering angle increase and decrease 
of a device / an adjustable helm ratio steering gear style ] is l. the steering angle of a steering 
handle and the input angle of the input shaft of an adjustable helm ratio steering gear style are in 
agreement On the other hand, when decreasing increase and decrease of a ratio from 1. the rate 
of the input angle of the input shaft in an adjustable helm ratio steering gear style decreases to 
the maximum steering angle of a steering handle. At this time, an adjustable helm ratio steering 
gear style will change a helm ratio only in some range among helm ratio properties. Thus, the 
steering angle property of a steering wheel over the steering angle of a steering handle can be 
set up not only by the adjustable helm ratio steering gear style but by the steering angle 
increase and decrease also of a device. Therefore, according to liking of the operation situation 
of a car and an operator, steering sensation (steering feeling) is changeable into arbitration by 
changing suitably the increase and decrease of a ratio of the steering angle increase and 
decrease of a device with a ratio modification means. 

[0008] Claim 2 is characterized by a ratio modification means being what changes the increase 
and decrease of a ratio of the steering angle increase and decrease of a device in manual 
operation. Since it is the format of changing increase and decrease of a ratio manually, compared 
with the format changed under power, the configuration of a ratio modification means becomes 

easy. • . ■ a.- 

[0009] Claim 3 is characterized by equipping a ratio modification means with a regulation means 
to regulate manual operation for an engine performance signal at the time of a carrier beam. Into 
engine performance, the increase and decrease of a ratio of the steering angle increase and 
decrease of a device are set still constant with a regulation means. Consequently, a helm ratio 
property does not change during transit and steering sensation does not change rapidly. 
[0010] Claim 4 is characterized by a ratio modification means being the thing into which the 
increase and decrease of a ratio of the steering angle increase and decrease of a device are 
made to change at the time of below the predetermined vehicle speed. Increase and decrease of 
a ratio are extremely changeable only at the time of low-speed transit or a stop. Therefore, it 
can prevent that a helm ratio property changes and steering sensation changes rapidly during 
high-speed transit . 
[0011] Claim 5 is characterized by a ratio modification means being what reduces the increase 
and decrease of a ratio of the steering angle increase and decrease of a device for the failure 
signal at the time of the steering system for cars breaking down rather than always [ forward J at 
the time of a carrier beam. If increase and decrease of a ratio decrease, the rate of the input 
angle of the input shaft in an adjustable helm ratio steering gear style will decrease to the 
maximum steering angle of a steering handle. Adjustable helm ratio steering gear styles are only 
some [ near the minimum steering angle among helm ratio properties ] narrow range, and will 
change a helm ratio. Since the helm ratio is small even if it steers a steering handle on the 
maximum steering square, steering torque is small and ends. Therefore, moreover, even if it is at 
the failure time in what kind of helm ratio, even if it is at the maximum steering time, steenng 
torque does not become excessive. Consequently, the controllability of a steering handle is good, 
and since it is easy to turn a wheel, the minimum turning radius of a car can be stopped small. 
Furthermore, since increase and decrease of a ratio decrease rather than always [ forward J 
when the steering system for cars breaks down, steering sensation can change and an operator 
can recognize having broken down. 

[0012] Claim 6 is characterized by equipping a ratio modification means with the completion 
detection means of setting out for detecting that setting out of increase and decrease of a ratio 
was completed. When setting out of increase and decrease of a ratio is completed, a detecting 
signal can be emitted from the completion detection means of setting out and engine restart can 
be enabled based on this signal. If it does in this way. since an engine cannot be restarted, during 
modification of increase and decrease of a ratio, it can control with the steering sensation 
stabilized after setting out having not run in the imperfect condition and setting up certainly. 
[0013] Claim 7 is characterized by the steering angle increase and decrease of a device being a 
nonstep variable speed gear. If it is a nonstep variable speed gear, increase and decrease of a 
ratio can be freely set as a stepless story. Consequently, the setting-out degree of freedom of a 
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helm ratio property increases. 

[0014] . . ..... u J 

-[Embodiment of the Invention] The gestalt of operation of this invention is explained below based 
on an accompanying drawing. In addition, a drawing shall be seen to the sense of a sign. Drawing 
1 is the whole steering system block diagram for cars concerning this invention. The steering 
system 1 for cars is electric power-steering equipment which equipped with them the steering 
system 4 which results in the steering wheels 3 and 3 from the steering handle 2 of a car as 
connected the steering torque sensor 10, the steering angle increase and decrease 30 of a 
device and the adjustable helm ratio steering gear style 70 with this order. In detail, the steering 
system 1 for cars connects the steering angle increase and decrease 30 with the steering torque 
sensor 10 of a device with a steering handle 2 through a steering shaft 5. and connects the 
adjustable helm ratio steering gear style 70 with the output shaft 37 of this steering angle 
increase and decrease 30 of a device through universal joints 6 and 6. 
[0015] The steering torque of the steering system 4 generated in the steering handle 2 is 
detected by the steering torque sensor 10, based on this detecting signal, the main control 
section 8 generates a control signal, a motor 72 generates the auxiliary torque according to 
steering torque based on this control signal, and auxiliary torque can be added to the rack shaft 
75 of the adjustable helm ratio steering gear style 70. Moreover, based on the vehicle speed 
signal detected with the speed sensor 7, and the eccentricity signal of the input shaft 77 of the 
adjustable helm ratio steering gear style 70 detected by the displacement sensor 104. the mam 
control section 8 generates the helm ratio control signal according to the vehicle speed, dnves 
the adjustable helm ratio steering gear style 70 with the motor 101 for helm ratio control based 
on this helm ratio control signal, and the steering system 1 for cars controls a helm ratio. That 
is, the helm ratio to the steering angle of a steering handle 2 is changeable with the adjustable 
helm ratio steering gear style 70. , • j 

[0016] Drawing 2 is the sectional view of the Johan section of the steering angle increase and 
decrease with a steering torque sensor of a device concerning this invention, and having 
attached the steering torque sensor 10 to the upper part of the steering angle increase and 
decrease 30 of a device in one is shown, the steering torque sensor 10 — a steering shaft 5 and 
the input shaft 31 of the steering angle increase and decrease 30 of a device — a torsion bar^ 
spring 1 1 — connecting — relative torsion between a steering shaft 5 and an input shaft 31 
the steering torque of the steering system 4 (refer to drawing 1 ) is detected by detecting a 
variation rate, if a torsion bar spring (elastic member) 1 1 is a member whom angle of torsion 
generates in accuracy to torque literally and steering torque acts — relative torsion between a 
steering shaft 5 and an input shaft 31 — a variation rate is generated. The upper part is inserted 
in in the tubing-like steering shaft 5, it joins together by the pin 12. and this torsion bar spring 11 
carries out serration association of the lower part in the upper part of an input shaft 31. 
[0017] building a steering shaft 5 and an input shaft 31 over the steering torque sensor 10 in 
detail — it is — both the shafts 5 and relative torsion between 31 — a variation rate 
responding — the variation rate of the slider 14 with a core 13 which can be displaced to shaft 
orientations, and this slider 14 — it is the non-contact type steering torque sensor (variable- 
inductance type sensor) which becomes the housing 15 for sensors from the mounting beam coil 
16 in order to change an amount (the variation rate of a core 13 amount) into an electrical signal, 
furthermore, the thing which dip slot 14a and longwise straight slot 14b are formed in the 
cylinder-like slider 14. and the pin 17 of a steering shaft 5 is fitted into dip slot 14a. and is fitted 
into straight slot 14b in the pin 18 of an input shaft 31 in detail — it is — a slider 14 — relative 
torsion ~ according to a variation rate, it can displace to shaft orientations. For 19. as for 
bearing and 22. compression spring and 21 are [ oil seal and 23 ] connectors among drawing. 
[0018] Drawing 3 is the sectional view of the bottom half section of the steering angle increase 
and decrease of a device concerning this invention. The steering angle increase and decrease 30 
of a device have the function to make the rate of the input angle of the input shaft of the 
adjustable helm ratio steering gear style 70 fluctuate, to the steering angle of a steering handle 2 
(refer to drawing 1 ). and it consists of a reducer style to which it is made to decrease at one 
sixth of a rate, and predetermined carries out double reduction of the steering angle of a 
steering handle 2 by the gear comparatively with the gestalt of this operation. The 1st smallness 
gear 32 which formed the steering angle increase and decrease 30 of a device in one in detail in 
the middle of the above-mentioned input shaft 31 and the input shaft 31. The 1st chain sprocket 
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33 which gears with the 1 st smallness gear 32, and the 1 st chain sprocket 33 and the 
intermediate shaft 34 formed in one. It becomes an intermediate shaft 34 from the 2nd smallness 
-gear 35 formed-in one.-the 2nd chain sprocket 36 which gears with the 2nd smallness gear 35. an 
output shaft 37. and the gear case 38 which contains these members 31-36. 
[0019] Each gears 32. 33. 35. and 36 are spur gears, breakthrough 36b which the 2nd chain 
sprocket 36 is a gear with a hub which extended hub 36a in one. and penetrated this gear with a 
hub on the axial center — having — this breakthrough 36b — an output shaft 37 — relativity — 
pivotable — and shaft orientations — it inserts movable. In more detail, the steering angle 
increase and decrease 30 of a device arrange an input shaft 31. the 1st smallness gear 32. and 
the 2nd chain sprocket 36 to this alignment, while the 1st smallness gear 32 and the 2nd chain 
sprocket 36. it prepares clutch storage space S in a gear case 38. and it arranges an input shaft 
31 and an intermediate shaft 34 to parallel. 

[0020] A gear case 38 will support an input shaft 31 through bearing 41 and 42. will support an 
intermediate shaft 34 through bearing 43 and 44. and will support the periphery of hub 36a 
through bearing 45 and 46. Such a gear case 38 carries out the bolt stop of the upper part of top 
case 38a to the lower part of the housing 15 (refer to drawing 2 ) for sensors while carrying out 
the bolt stop of top case 38a, bottom case 38b. and the lower lid 38c In piles. 
[0021] This invention is characterized by making it make the increase and decrease of a ratio of 
the steering angle increase and decrease 30 of a device change with the ratio modification 
means 50. The ratio modification means 50 in the gestalt of this operation [ whether the 
rotational frequency of the ** input shaft 31 is transmitted to an output shaft 37 at uniform 
velocity and ] Choose whether the rotational frequency of the ** input shaft 31 is slowed down 
by each gears 32. 33. 35. and 36. and it transmits to an output shaft 37. and or by switching the 
input angle of the output shaft 37 over the steering angle of an input shaft 31 (steering handle) 
- comparatively — that is, the input angle in the input shaft 77 of the adjustable helm ratio 
steering gear style 70 shown in drawing 1 changes comparatively (increase and decrease of 

ratio). J 1 J 

[0022] Specifically, the ratio modification means 50 is a clutch device arranged to close and 
output shafts 31 and 37. and this alignment by clutch storage space S. This clutch device is the 
combination structure of the top clutch 51 and the bottom clutch 52. and a these top and the 
bottom clutches 51 and 52 are "jaw clutches." The top clutch 51 is set to soffit section 31a of 
an input shaft 31 from the input-side clutch half object 53 which carried out serration 
association, and the output side clutch half object 54 which carried out serration association at 
upper bed section 37a of an output shaft 37. Clutch pawl 53a of the soffit of the input-side 
clutch half object 53 — (— shows plurality.) It is below the same. Clutch pawl 54a— of the 
upper bed of the output side clutch half object 54 can be geared. The bottom clutch 52 consists 
of an output side clutch half object 54 and clutch pawl 36c— formed in the upper bed side of 
the 2nd chain sprocket 36. Clutch pawl 36c— of the 2nd chain sprocket 36 can be geared as 
clutch pawl 54b — of the soffit of the output side clutch half object 54. 

[0023] by the way, the output shaft 37 — a slider 55 — relativity — it is a mounting beam thing 
pivotable at shaft-orientations migration impossible. The above-mentioned gear case 38 will 
support an output shaft 37 pivotable and possible [ axial directional movement ] through a slider 
55 and will support the output side clutch half object 54 pivotable and possible [ axial directional 
movement ] through the metal bearing 56. Since two universal joints 6 and 6 shown in drawing 1 
swing and movement magnitude is absorbed when an output shaft 37 moves to shaft 
orientations, the shaft-orientations migration operation is smooth. As for 57 and 57. the bolt for 
:ie3|c*:|c** and 58 are the snap rings. 

[0024] The ratio modification means 50 is equipped with the change lever device 60 for changing 
the increase and decrease of a ratio of the steering angle increase and decrease 30 of a device 
in manual operation. Specifically, a top and the bottom clutches 51 and 52 are switched by the 
change lever device 60. The change lever device 60 consists of the change lever 62 supported 
by the gear case 38 possible [ the swing to the mounting beam pivot 61 and a pivot 61 ], a 
change pin 63 extended from the slider 55 in order to fit into long hole 62a of the change lever 
62 and a detent (click device) 64 for holding the swing location of the change lever 62. The 
change pin 63 is the bolt which thrust the end face into the slider 55. penetrates 38d of long 
holes of a gear case 38. and fits a head into long hole 62a of the change lever 62. When the 
change pin 63 moves in the vertical direction, an output shaft 37 moyes to shaft orientations 
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through a slider 55. and a top and the bottom clutches 51 and 52 are switched. 
[0025] Drawing 4 (a) and (b) are the explanatory views of the change lever device concerning 
this invention, and in order to set up the swing range of the change lever 62 between the left 
swing location SI of (a), and the right swing location Sr of (b), having arranged the stoppers 65L 
and 65R of two right and left is shown. The left swing location SI is a location which engages the 
drawing 3 top clutch 51. and the right swing location Sr is a location which engages the bottom 
clutch 52. Long hole 62a of the change lever 62 is the radii hole of the location of a pivot 61. and 
the reverse sense, and this radii hole is the configuration in which only a dimension H depresses 
the change pin 63. when the change lever 62 is switched to the right swing location Sr from the 

left swing location SI. \ r j 

[0026] The above-mentioned ratio modification means 50 (refer to drawing 3 ) is characterized 
by having the completion detection means 66L and 66R of the 1st-2nd setting out for detecting 
that setting out of the increase and decrease of a ratio of the steering angle increase and 
decrease 30 of a device was completed. The completion detection means 66L and 66R of the 
1st-2nd setting out in the gestalt of this operation are two limit switches arranged on swing 
direction both sides of the change lever 62. In detail, completion detection means of the 1st 
setting out 66L is touching the change lever 62 in the left swing location SI. detects the 
completion of tabling setting out of the top clutch 51. and emits a "top clutch engagement 
signal." Completion detection means of the 2nd setting out 66R is touching the change lever 62 
in a right swing Sr location, detects the completion of tabling setting out of the bottom clutch 
52. and emits a "bottom clutch engagement signal." 

[0027] The above-mentioned main control section 8 has the function which emits the signal 
which can be engine restarted" to the engine control section 67 based on the completion 
detection meansL [ 66 ] and 66R top clutch engagement signal of the 1st-2nd setting out. or a 
bottom clutch engagement signal. The engine control section 67 will be controlled possible 
[ restart of the engine which is not illustrated ], only when having received "the signal which can 
be engine restarted." Consequently, during modification of increase and decrease of a ratio, 
since an engine cannot be restarted, it can control with the steering sensation stabilized after 
setting out having not run in the imperfect condition and setting up certainly. 
[0028] Furthermore, the ratio modification means 50 (refer to drawing 3 ) is characterized by 
having the 1st-2nd regulation means 68L and 68R for regulating manual operation for an engine 
performance signal" (signal emitted while the engine is operating) at the time of a carrier beam 
from the engine control section 67. The 1st-2nd regulation means 68L and 68R in the gestalt of 
this operation are solenoids, and only when this solenoid has received the "engine performance 
signal", piston 68a is extended. In detail, piston 68a fits in and locks 1st regulation means 68L in 
notch 62b of the change lever 62 in the left swing location SI. and piston 68a fits in and locks 
2nd regulation means 68R in notch 62b in the right swing location Sr. In engine performance, the 
increase and decrease of a ratio of the steering angle increase and decrease 30 of a device are 
fixed. A helm ratio property does not change during transit and steering sensation does not 
change rapidly. Only at the time of an engine shutdown, the change lever 62 can be made to be 
able to swing and increase and decrease of a ratio can be changed. 

[0029] Drawing 5 is the sectional view of the detent concerning this invention, A detent 64 
consists of two crevices 61a and 61b formed in the pivot 61, ball 64a which fits into one side of 
Crevices 61a and 61b selectively, compression spring 64b which carries out the from cartridge of 
the ball 64a to the crevice 61a and 61b side, and adjusting-screw 64c which adjusts the 
resiliency of compression spring 64b. Since the change lever 62 was equipped with the detent 
64, it is with the left swing location SI and the right swing location Sr, and a location is not 
unsteady. 

[0030] Drawing 6 (a) and (b) are the operation explanatory views of a ratio modification means at 
steering angle increase-and-decrease the list of a device concerning this invention, (a) has the 
change lever 62 in the left swing location SI, and the condition of having raised the output shaft 
37 through the slider 55 in the change pin 63 list is shown. At this time, the output side clutch 
half object 54 goes up. the bottom clutch 52 cancels, and the top clutch 51 gets into gear. The 
steering torque of an input shaft 31 gets across to an output shaft 37 through the top clutch 51. 
The rotational frequency of an input shaft 31 and the rotational frequency of an output shaft 37 
are uniform N1. Therefore, the rate of the angle of rotation of an output shaft 37 to the angle of 
rotation (steering angle of a steering handle) of an input shaft 31 is 1 (the increase and decrease 
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G= 1 of ratio). ii ot u 

[0031] (b) shows the condition that only the dimension H dropped the output shaft 37 to the 
_change pin_63 list through the slider 55. by making the right swing location Sr swing the change 
lever 62. At this time, the output side clutch half object 54 descends, the top clutch 51 cancels, 
and the bottom clutch 52 gets into gear, the steering torque of an input shaft 31 — the 1st 
smallness gear 32 -> 1st chain sprocket 33 — it gets across to an output shaft 37 in the path of 
clutch 52 under -> intermediate-shaft 34 -> 2nd smallness gear 35 -> 2nd chain-sprocket 36 - 
> It is N2 by which the rotational frequency of an output shaft 37 was slowed down to one sixth 
to the rotational frequency N1 of an input shaft 31. Therefore, the rate of the angle of rotation 
of an output shaft 37 to the angle of rotation of an input shaft 31 is 1/6 (increase-and-decrease 

G=of ratio 1/6). _ ^„ • x j *u 

[0032] If the left swing location SI is made to swing the change lever 62 again, a top and the 
bottom clutches 51 and 52 will be reversed in the condition of the above (a). Thus, the increase 
and decrease G of a ratio of the steering angle increase and decrease 30 of a device can be 
made to change into G= 1. and G=1/6 with the ratio modification means 50 by switching the 
change lever 62 in manual operation. 

[0033] Drawing 7 is the whole adjustable helm ratio steering gear style block diagram concerning 
this invention, carries out the cross section of the part, and shows it. The adjustable helm ratio 
steering gear style 70 contains the rack-and-pinion device 71, a motor 72, and a ball screw 73 in 
the fixed housing 74 prolonged in the cross direction. A motor 72 consists of annular stator 72a 
contained in subhousing 74a of the fixed housing 74. Rota 72b arranged in the said alignment in 
stator 72a. and output-shaft 72c of the shape of tubing fixed to Rota 72b. The rack shaft 75 of 
the rack-and-pinion device 71 is connected with output-shaft 72c by the ball screw 73 while 
inserting it in pivotable in output-shaft 72c. 

[0034] Drawing 8 is the 8-8 line sectional view of drawing 7 . The adjustable helm ratio steering 
gear style 70 supports the movable housing 76 pivotable in the fixed housing 74. supports an 
input shaft 77 pivotable in the movable housing 76, connects an output shaft 79 with an input 
shaft 77 through coupling 78, and supports an output shaft 79 pivotable in the fixed housing 74 
further. Eccentricity of the center of rotation of the movable housing 76 and the center of 
rotation of an input shaft 77 is carried out mutually. About this eccentricity, it mentions later. An 
input shaft 77 is a shaft connected with the output shaft 37 of the steering angle increase and 
decrease 30 of a device through universal joints 6 and 6 (refer to drawing 1 ). 
[0035] Coupling 78 is connected with relative revolution impossible in detail possible [ relative 
displacement to the direction of an axial right angle to an input shaft 77 ], and the part as for 
which the output shaft 79 carried out eccentricity is connected with the location as for which 
this coupling 78 carried out eccentricity pivotable. In addition, the fixed housing 74 carries out 
the bolt stop of up fixed housing 74b and the lower fixed housing 74c in piles. 
[0036] Coupling 78 consists of the upper flange 81 formed in the soffit of an input shaft 77 at 
one a lower flange 83 connected with the upper flange 81 through two or more ball 82 — , and a 
connecting shaft (intermediate shaft) 84 which was prolonged from the soffit of a lower flange 83 
to the lower part, and was connected with communicating pore 79a of an output shaft 79. In 
detail, coupling 78 forms connection slot 81a of a side cross-sectional-view taper configuration 
in the soffit side of an upper flange 81. and forms connection slot 83a of a side cross-sectional 
view taper configuration in the upper bed side of a lower flange 83. arranges three ball 82 — m 
one train in these connection slots 81a and 83a. is hitting against the taper side of the 
connection slots 81a and 83a, and connects between a top and a lower flange 81. and 83. For 
this reason, coupling 78 will be connected with relative revolution impossible possible [ relative 
displacement to the direction of an axial right angle ] to an input shaft 77. Communicating pore 
79a is in the location which carried out eccentricity from the output shaft 79. and a connecting 
shaft 84 is in the location which carried out eccentricity from the input shaft 77. These 
communicating pore 79a and the connecting shaft 84 of each other are connected pivotable. 
[0037] thus, the part of the output shaft 79 established by coupling's 78 engaging with relative 
revolution impossible possible [ relative displacement in the direction of an axial right angle ] to 
the ** input shaft 77. and carrying out eccentricity to the ** input shaft 77 which carries out 
eccentricity further — the direction of an axial right angle — relative-displacement impossible 
- and relativity — it is engaged pivotable. If it puts in another way. an input shaft 77 and an 
output shaft 79 will be connected by coupling 78 so that the revolution relevant to the direction 
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of an axial right angle may be made that relative displacement is possible and mutually 
[0038] An output shaft 79 forms pinion 79b which makes the rack-and-pinion device 71 to a 
-peripheral face, and this pinion 79b gears with rack 75a of the rack shaft 75. As for a ball cage 
tabular in 85, and 86. thrust bearing and 87 are the axes of a needle bearmg and the worm shaft 
103 with which a nut and 96 mention bearing and 95 later and a rack guide and M mention L 88 
and 89 ] an adjusting bolt and 97 later in oil seal, and 91-94 among drawing. ^ 
[0039] drawing 9 — the 9-9 line sectional view of drawing 8 — it is — plane view — setting 
the direction of an axial right angle of a worm shaft 103 — and having established the center of 
rotation A of an input shaft 77 in the location which carried out eccentricity only of the distance 
L to the worm shaft 103 and the opposite direction is shown from the center of rotation O of the 
movable housing 76. By rotating the movable housing 76 through the worm-gearing style 102 
with the motor 101 for helm ratio control as a driving means, the adjustable helm ratio steering 
gear style 70 carries out the variation rate of the axial center A of an input shaft 77, and 
changes the rate of a steering angle. The motors 101 for helm ratio control are forward and a 
motor with a reducer to which it reverses and the variation rate of the axial center A of an input 
shaft 77 is carried out according to the helm ratio control signal of a control means 8 (refer to 
drawing 1 ). The worm-gearing style 102 consists of a worm shaft 103 connected with output- 
shaft 101a of the motor 101 for helm ratio control, and wheel 76a which gears to worm 103a of a 
worm shaft 103. Wheel 76a is the gear tooth formed in a part of peripheral face of the movable 

housing 76. in^i u- u 

[0040] The fixed housing 74 is a mounting beam thing about the displacement sensor 104 which 
detects the amount of displacement of an input shaft 77. In detail, by detecting the variation of 
cam side 76b formed in the peripheral face of the movable housing 76. a displacement sensor 
104 detects indirectly the amount of displacement of the axial center A of an input shaft 
consists of a potentiometer to which point 104a which touched cam side 76b moves. For 105, as 
for bearing and 107, a hollow eccentricity sleeve and 106 are [ a needle bearmg and 108 J nuts 

among drawing. . . • i. ,i 4.u 

[0041] Drawing 10 is the worm-gearing style concerning this invention, movable housing, and the 
related explanatory view of an input shaft. Worm 103a rotates according to the vehicle speed 
with the motor 101 (refer to drawing 9 ) for helm ratio control. If worm 103a does forward and 
the inversion of, forward and the inversion of the movable housing 76 will be done in the range of 
an angle of rotation theta. Eccentricity of the center of rotation O of the movable housing 76 
and the center of rotation A of an input shaft 77 is carried out For this reason, corresponding to 
the angle of rotation theta of the movable housing 76. the center of rotation A of an input shaft 
77 changes in A1-A2. For example, in the vehicle speed of (1) high-speed region, it displaces m 
the location of an include angle A1. and displaces in the location of an include angle A2 in the 
vehicle speed of (2) low-speed areas. In addition, the displacement loci of a center of rotation A 
are the radii [ accuracy ] centering on a center of rotation O. However, the amount Z of 
displacement of the direction of a path of a center of rotation A is extent which can be 
disregarded. Therefore, in the following explanation, the displacement locus of a center of 
rotation A explains as being the straight line of the longitudinal direction of this drawing (the 
variation rate of the direction of a path of a center of rotation A amount Z- 0). 
[0042] Drawing 1 1 is the input shaft concerning this invention, coupling, and the related 
explanatory view of an output shaft, and having connected coupling 78 with the input shaft 77 
possible [ relative displacement to the direction of an axial right angle ] is shown. When the 
center of rotation A of an input shaft 77 is located in the location of an include angle A1. the 
center of rotation (axial center) A of an input shaft 77. the center of rotation (axial center) B of 
an output shaft 79. and the point of application (axial center) C of a connecting shaft 84 are 
arranged on a straight line in said direction of relative displacement by plane view. A center of 
rotation A is arranged between a center of rotation B and point of application C. 
[0043] When an input shaft 77 rotates, it is the ball 82 of coupling 78. — A connecting shaft 84 
circles in the circumference of the axial center of an output shaft 79 according to an operation 
That is. a connecting shaft 84 revolves around the sun considering the axis of an output shaft 79 
as a core Consequently, an output shaft 79 rotates on the turning effort of an input shaft 77. By 
the way. distance from a center of rotation A to a center of rotation B is set to x (the amount x 
of bias) and distance from a center of rotation B to point of application C is set to y (the 
amount y of bias). A center of rotation A changes in A1-A2. and a center of rotation B is a fixed 
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position. Hereafter, change of the helm ratio accompanying change of the amount x of bias is 
explained based on drawing 1 2 and drawing 13 . 

_[QQ44l Drawing 12 (a) and (b) are the working-principle explanatory views of the adjustable helm 
ratio steering gear style concerning this invention, and show typically change of the helm ratio in 
the vehicle speed of a high-speed region. Drawing 1 2 (a) has a center of rotation A in the 
location of an include angle A1 in a high-speed region, as the configuration of above-mentioned 
drawing 11 is expressed typically and shown in this (a). At this time, it is drawing 12 (b) which 
had arranged the center of rotation B of an output shaft, the center of rotation A of an input 
shaft, and the point of application C of an engagement shaft from **** on the straight line in this 
order to the right, and expressed this condition as a typical top view. That is, the list of A. B, and 
C in drawing 1 1 is equivalent to the list of A. B, and C (CO) of drawing 12 (b). 
[0045] In addition, since point of application C is what circles in a center of rotation B as a core, 
distinction cannot attach it easily in respect of [ C ] the right point C and the left. Then, it was 
made clear by writing in addition CO and CI 80 which made the subscript the include angle of 0 
degree, or the include angle of 180 degrees. The following explanation is given because point of 
application C circles to a drawing clockwise rotation (the direction of an arrow head) with CO as 
the starting point 

[0046] In drawing 1 2 (b). if the angle of rotation of an input shaft is set to alpha and the angle of 
rotation of an output shaft is set to beta, the following relational expression will be drawn. 
y-sinbeta=(y-cos beta-x) tanalpha .„. Since it is (1), it is the angle of rotation alpha of an input 
shaft. Alpha=tan -1 (y-sinbeta) (/(y-cos beta-x)) .. It is expressed with (2). 

[0047] Therefore, when point of application C displaces from a point CO to Point Cx, the angle of 
rotation of an output shaft is beta, and the angle of rotation of the input shaft at this time is 
alpha. Moreover, when the point of application of an engagement shaft displaces from a point CO 
to Point Cy, the angle of rotation of an output shaft is beta 1, and the angle of rotation of the 
input shaft at this time is alpha 1. Since a center of rotation A is between a centei- of rotation B 
and point of application C, an angle of rotation beta is smaller than an angle of rotation alpha, 
and an angle of rotation beta 1 is smaller than an angle of rotation alpha 1 (beta<alpha. 
betaKalphal). 

[0048] On the other hand, since a center of rotation A is located in a low-speed area in the 
location of an include angle A2, a center of rotation A and a center of rotation B are in 
agreement Therefore, the amount x of bias is 0 (x= 0). Consequently, the angle of rotation alpha 
of an input shaft and the angle of rotation beta of an output shaft are the same, and are the 
same (alpha=beta, alpha1=beta1). [ of the angle of rotation alpha 1 of an input shaft and the 
angle of rotation beta 1 of an output shaft ] 

[0049] Drawing 13 is the helm ratio property diagram of the adjustable helm ratio steering gear 
style concerning this invention, this drawing — an axis of abscissa — the angle of rotation 
(input-side angle of rotation) alpha of an input shaft 77 ~ carrying out — a right axis of ordinate, 
~ the angle of rotation beta of an output shaft 79 — carrying out — a left axis of ordinate — 
as the stroke of rack 75a — a table — it is a thing the bottom and the rate of a stroke of rack 
75a is shown in the rate list of the angle of rotation beta of an output shaft to the angle of 
rotation alpha of an input shaft based on lines xO and x1. In addition, the case where the steering 
angle increase and decrease 30 of a device are not formed here is explained previously. 
** A line xO shows the helm ratio property at the time of setting the amount x of bias to 0 (low- 
speed area). 

** A line x1 shows the helm ratio property at the time of changing the amount x of bias (.high 

speed region), , r a. *• 

If the amount x of bias is set to 0 so that clearly from drawing, the rate of the angle of rotation 
beta of an output shaft to the angle of rotation alpha of an input shaft, i.e.. the rate of the 
steering angle of a steering wheel to the steering angle of a steering handle, (helm ratio) is equal 
like a line xO. Moreover, a helm ratio can be continuously changed by changing the amount x of 
bias continuously. Therefore, if the amount x of bias is controlled according to the vehicle speed, 
a helm ratio property can be changed to optimum conditions. 

[0050] By the way, the line x1 is set as the property that the angle of rotation beta of an output 
shaft becomes 180 degrees, when the angle of rotation alpha of an input shaft is 180 degrees. 
Such a property is determined by the physical relationship of each part material (an input shaft 
77, a connecting shaft 84, output shaft 79) in the adjustable helm ratio steering gear style 70 of 
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drawing 8 . And since there were no steering angle increase and decrease 30 of a device 
conventionally, the steering angle of a steering handle 2 and the angle of rotation alpha of an 
-input shaft-were_the_same._Eor example, when a steering angle is 0 degree, the angle of rotation 
alpha of an input shaft is 0 degree. Moreover, when a steering angle is the maximum angle Cfor 
example. 180 degrees), the angle of rotation alpha of an input shaft is 180 degrees. For this 
reason, the adjustable helm ratio steering gear style 70 changes a helm ratio into all the range of 
the angle of rotation alpha of an input shaft (0 degree - 180 degrees) in a rear spring supporter 
and a specific helm ratio property. 

[0051] Furthermore, the angle of rotation alpha of an input shaft is a curve with tight inclination, 
when it is the curve which curved caudad rather than the line xO whose line x1 is a straight line 
of a drawing upward rise, and this curve has loose inclination and exceeds [ in / in general / 90 
degrees or less ] 90 degrees. And in the state of full steering (the steering wheels 3 and 3 of 
drawing 1 are the conditions of the maximum steering angle), the angle of rotation beta is fixed 
regardless of the vehicle speed. Since the line x1 is nonlinear, the rate of the angle of rotation 
beta of an output shaft of as opposed to the angle of rotation alpha of an input shaft by the 
small time and the large time. i.e.. a helm ratio, does not have the fixed angle of rotation alpha of 

an input shaft ... - j u 

[0052] This invention changes such a helm ratio property suitably, and is characterized by 
changing steering sensation into arbitration. If it explains referring to drawing 1 . if the rate of the 
input angle of the input shaft 77 in the adjustable helm ratio steering gear style 70 is 1, the 
steering angle of a steering handle 2 and the input angle (angle of rotation) alpha of an input 
shaft 77 are in agreement to the increase and decrease G= 1 of a ratio of the steering angle 
increase and decrease 30 of a device, i.e.. the steering angle of a steering handle 2. Therefore, 
based on the helm ratio property of lines xO and x1. it can migrate to all the operating ranges of 
a steering handle 2. and the steering wheels 3 and 3 can be steered. 

[0053] Moreover, when the rate of the input angle of an input shaft 77 decreases to one sixth to 
increase-and-decrease G=of ratio 1/6 of the steering angle increase and decrease 30 of a 
device, i.e.. the steering angle of a steering handle 2, and the maximum steering angle of a 
steering handle 2 is 540 degrees, the angle of rotation alpha of an input shaft 77 becomes 90 
degrees (reduction angle) each. Moreover, when a steering angle is 0 degree, the angle of 
rotation alpha of an input shaft 77 is 0 degree, if the angle of rotation alpha of an input shaft 77 
is 90 degrees or less, lines xO and x1 have the inclination according to the vehicle speed — it is 
a straight line (lines xlO and x11 shown as a continuous line) mostly. Since it is the helm ratio 
property which used only the range which has a linear property from such a continuous line xlO 
to a continuous line x11, in the vehicle speed of a high-speed region, it can migrate to all the 
operating ranges of a steering handle 2. and the steering wheels 3 and 3 can be steered in a 
loose inclination property. Moreover, in the vehicle speed of a low-speed area, it can migrate to 
all the operating ranges of a steering handle 2. and the steering wheels 3 and 3 can be steered in 

a tight inclination property. . ij. • 

[0054] If it puts in another way and the angle of rotation alpha of an input shaft 77 is small, even 
if it steers a steering handle 2 in all operating ranges, only some narrow range will be used among 
the nonlinear helm ratio properties in the adjustable helm ratio steering gear style 70. If it is only 
some range, even if nonlinear, it can steer in the helm ratio property approximated to the 
proportion property. Therefore, the stroke property of rack 75a to the steering angle of a 
steering handle 2, i.e., the steering angle property of the steering wheels 3 and 3, is an almost 
like proportionally property according to the vehicle speed, and it can raise the controllability 
ability of a car further. Moreover, when decreasing a steering angle by the steering angle 
increase and decrease 30 of a device, the adjustable helm ratio steering gear styles 70 are some 
narrow range (0 degree - reduction angle) among all the range of the angle of rotation alpha of 
an input shaft 77. and change a helm ratio in a specific helm ratio property. Namely, a helm ratio 
is changed only in some range among helm ratio properties. 

[0055] Thus, it can choose which range is used among helm ratio properties to the steering angle 
of a steering handle 2 by making the steering angle of a steering handle 2 fluctuate by the 
steering angle increase and decrease 30 of a device, and transmitting to the adjustable helm 
ratio steering gear style 70. Therefore, the steering angle property of the steering wheels 3 and 3 
over the steering angle of a steering handle 2 can be set up not only by the adjustable helm ratio 
steering gear style 70 but by the steering angle increase and decrease 30 also of a device. 
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Consequently, the setting-out degree of freedom of a helm ratio property increases. And 
according to liking of the operation situation of a car and an operator, steering sensation 
_(steering-fe.eliog)_is .changeable into arbitration by changing suitably the increase and decrease G 
of a ratio of the steering angle increase and decrease 30 of a device with the ratio modification 

means 70. • ha • 

[0056] the helm ratio property diagram of the steering system for cars which drawing 14 requires 
for this invention — it is — an axis of abscissa — the steering angle of a steering handle 2 
carrying out — an axis of ordinate — as the stroke of rack 75a — a table — it is a thing the 
bottom. This drawing is drawing corresponding to above-mentioned drawing 13 , and having a 
helm ratio property in the right half of drawing, when the RRC of the steering handle 2 is carried 
out, and having a helm ratio property in the left half of drawing, when the RLC of the steering 
handle 2 is carried out is shown. 

[0057] Drawing 1 5 is the sectional view of a ratio modification means (the 1 st modification) at 
steering angle increase-and-decrease the list of a device concerning this invention. The 1st 
modification is characterized by replacing the change lever device 60 of the ratio modification 
means 50 with the electromotive change device 110. Other configurations of the ratio 
modification means 50 and the configuration of the steering angle increase and decrease 30 of a 
device are the same as the configuration shown in above-mentioned drawing 3 , attach the same 
sign and omit the explanation. 

[0058] Drawing 1 6 (a) and (b) are the explanatory views of the electromotive change device of 
the ratio modification means (the 1st modification) concerning this invention. The electromotive 
change device 110 consists of the motor 111 for a change, the worm shaft 112 connected with 
output-shaft 1 1 1 a of the motor 1 1 1 for a change, the wheel 1 1 3 which gears to worm 1 1 2a of a 
worm shaft 112. the above-mentioned pivot 61 which supports a wheel 113 possible [ swing], 
and the above-mentioned change pin 63 for fitting into long hole 1 13a of a wheel 113. 
[0059] The motor 111 for a change is a motor made to swing a wheel 1 13 in the range of the left 
swing location SI of (a), and the right swing location Sr of (b). The left swing location SI is a 
location which engages the drawing 15 top clutch 51. and the right swing location Sr is a location 
which engages the bottom clutch 52. A wheel 113 is a side view sector-like gear (sector gear). 
Long hole 1 13a of a wheel 1 13 is the same configuration as long hole 62a shown in above- 
mentioned drawing 4 , and only a dimension H can move [ a ] the change pin 63 up and down. 
[0060] Completion detection means of the 1st setting out 66L touches left end 1 13b of a wheel 
1 13 in the left swing location SI, detects the completion of tabling setting out of the top clutch 
51. and emits a "top clutch engagement signal." Completion detection means of the 2nd setting 
out 66R touches left end 1 1 3c of a wheel 1 1 3 in a right swing Sr location, detects the 
completion of tabling setting out of the bottom clutch 52. and emits a "bottom clutch 
engagement signal." As for 1 1 4, a case and 1 1 5,1 1 6 are bearing among drawing. 
[0061] Drawing 17 is the circuit diagram of the ratio modification means (the 1st modification) 
concerning this invention. The main-control section 8 of the 1st modification has the function 
which controls the motor 111 for a change, the switch actuation propriety display 123, and the 
clutch engagement display 124 based on the vehicle speed signal of the above-mentioned speed 
sensor 7. a completion detection means of the 1st setting out 66L top clutch engagement signal, 
the bottom clutch engagement signal of completion detection means of the 2nd setting out 66R, 
the failure signal of the fault-detection section 121, and the switch signal of the clutch change- 
over-switch device 122. This main control section 8 consists of various operation means, a 
processing means, a signal generation means, memory, etc. on the basis of a microprocessor. 
[0062] The fault detection section 121 detects failure of the steering system 1 (the steering 
torque sensor 10. adjustable helm ratio steering gear style 70 grade) for cars, and emits a failure 
signal. The clutch change-over-switch device 122 is a manual switch device which becomes a 2- 
way (upper and lower sides or right and left) from lever 122c which carries out derrick-down 
actuation so that it may switch clutch raising switch 122a which emits a clutch raising switch 
signal, clutch lowering switch 122b which emits a clutch lowering switch signal, and clutch raising 
switch 122a and clutch lowering switch 122b. This manual switch device is the toggle switch of 
the format of maintaining the sense in which for example, lever 122c carried out derrick-down 
actuation. The switch actuation propriety display 123 displays about whether actuation of the 
clutch circuit-changing-switch device 1 22 is possible based on the status signal of the main 
control section 8. The clutch engagement display 124 displays about the engagement condition 
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of a top and the bottom clutches 51 and 52 based on the status signal of the main control 

section 8. . . • ^. • • x- 

40063] Drawing 18 is_the control flow chart of the main control section concernmg this invention, 
and STxx shows a step number among drawing. Hereafter, it explains, referring to drawing 17 . 
ST01; initial setting is carried out (It sets up with a flag S- 0 and T- 0.) 
ST02- various data are read. (Reading of the vehicle speed signal of a speed sensor 7. the 
completion detection meansL [ 66 ] and 66R top of the 1st-2nd setting out and a bottom clutch 
engagement signal, the failure signal of the fault detection section 121. and clutch raising and the 
lowering switch signal of clutch raising and the lowering switches 1 22a and 1 22b ) 
ST03- it judges whether it is a low speed below the predetermined vehicle speed (for example 5 
or less km/Hr). if it is YES. it will progress to "ST04". and if it is NO, it will progress to ST05. 
Even if it is under stop during low-speed transit if it is YES. and it switches a top and the 
bottom clutches 51 and 52. steering sensation does not change rapidly. 
ST04; rt sets up with a flag S= 0 and progresses to ''ST06.^ 

ST05; it sets up with a flag S= 1 and progresses to "STIO." . ioi 

[0064] ST06; it judges whether there was any failure signal from the fault detection section l^l, 
if it is YES, it will progress to "ST07". and if it is NO. it will progress to ST08. 
ST07; it sets up with a flag T= 0 and progresses to ''ST09.^^ 

ST08; it sets up with a flag T= 1 and progresses to "STIO." «... j 

ST09: "what can operate the clutch circuit-changing^switch device 122 is displayed on the 
switch actuation propriety display 123. and it progresses to "ST11." . ^. , . 

STIO; "what cannot operate the clutch circuit-changing-switch device 122 is displayed on the 
switch actuation propriety display 123. and it progresses to "ST11." 

[0065] ST11: it judges whether there was any top clutch engagement signal from completion 
detection means of the 1 st setting out 66U if it is YES. it will progress to ST1 2 . and if it is 
NO, it will progress to "ST18." « ^ • * 

ST1 2; the motor 1 1 1 for a change is stopped and it progresses to ST13. That is. engagement 
actuation of the top clutch 51 is stopped. 

ST13; what "the top clutch 51 gets into gear and is been in a condition at the clutch 
engagement display 124 is displayed, and it progresses to "ST14." 

[0066] ST14; it judges, if it is YES. it will progress to ;;ST15' . and if it is NO. the return of 
whether it is a flag S= 0 will be carried out to "ST02." j x -x • Mr.-* 

ST1 5; it judges whether it is a flag T= 0. if it is YES, it will progress to ST16 . and if it is NO. it 
will progress to "ST1 7." j- , 

ST16; it judges, if it is YES. it will progress to "ST17'. and if it is NO. the return of whether 
clutch lowering switch 122b is ON will be carried out to "ST02." "c-rno " ♦ • 

ST1 7; the motor 1 1 1 for a change is reversed and a return is carried out to STOZ. That is. 
engagement actuation of the bottom clutch 52 is carried out. 

[0067] ST18; it judges whether there was any bottom clutch engagement signal from completion 
detection means of the^2nd setting out 66R. if it is YES. it will progress to ST19 . and if it is 

NO. it will progress to "ST25." „«^„„ » ^, ^ . ^ 

ST19; the motor 1 1 1 for a change is stopped and it progresses to ST20. That is. engagement 

actuation of the bottom clutch 52 is stopped. 

ST20; what "the bottom clutch 52 gets into gear and is been in a condition at the clutch 
engagement display 124 is displayed, and it progresses to "ST21." 

ST21; it judges, if it is YES. it will progress to "ST22". and if it is NO. the return of whether it is 
a flag S= 0 will be carried out to "ST02." ^ , ^. ^ • 

ST22; it judges, if it is YES. it will progress to "ST23". and if it is NO. the return of whether it is 
a flag T= 0 will be carried out to "ST02." , . ^. 

ST23; it judges, if it is YES. it will progress to "ST24". and if it is NO. the return of whether 
clutch raising switch 122a is ON will be carried out to "ST02." "cT-no " tu ♦ 

ST24; the motor 1 1 1 for a change is rotated normally and a return is carried out to b I UZ. I hat 
is, engagement actuation of the top clutch 51 is carried out . , c„ . 

ST25: ** which is made to display what "the top clutch 51 and the bottom clutch 52 are under 
change" on the clutch engagement display 124. and carries out a return to it at ST02. 
[0068] The set of ST21 makes the modification propriety decision means for enabling 
modification of the increase and decrease of a ratio of the steering angle increase and decrease 
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30 (refer to drawing 15 ) of a device at the time of below the predetermined vehicle speed in 
steps ST03-ST05 and ST14 list. The set of ST22 makes a steering angle reduction means from 
-the-fault detection-section 121 in steps ST06-ST08 and ST15 list at the time of the f^'lure for 
reducing the steering angle of the so-called steering handle 2 which the angle of rotation of the 
output shaft 37 over the angle of rotation of an input shaft 31 makes reduce a failure signal 
comparatively (the increase and decrease G of ratio) rather than always [ forward J at the time 

of a carrier beam. , j /on 

[0069] Based on the control flow chart of the main control section 8, following U J and U) are 
controllable clearly from the above explanation. • j u- i 

(1) When the steering system 1 for cars does not break down below to the predetermined vehicle 
speed but the top clutch 51 or the bottom clutch 52 has got into gear, clutch raising and the 
lowering switches 122a and 122b can be switched in lever 122c. and the increase and decrease 
G of a ratio of the steering angle increase and decrease 30 of a device can be changed 

(2) When the steering system 1 for cars breaks down below to the predetermined vehicle speed, 
the increase and decrease G of a ratio of the steering angle increase and decrease 30 of a 
device can be reduced rather than always [ forward ]. 

[0070] As mentioned above, the ratio modification means 50 reduces the increase and decrease 
G of a ratio of the steering angle increase and decrease 70 of a device for a failure signal rather 
than always [ forward ] at the time of a carrier beam. If the increase and decrease G of a ratio 
decrease, as shown in drawing 1 and drawing 13 . the adjustable helm ratio steering gear styles 
70 are only some [ near the minimum steering angle among all the range of the angle of rotation 
alpha of an input shaft 77 ] narrow range (0 degree - reduction angle), and will change a helm 
ratio Namely, a helm ratio is changed only in some range among helm ratio properties. Since the 
helm ratio is small even if it steers a steering handle 2 on the maximum steering square, steering 
torque is small and ends. Therefore, moreover, even if it is at the failure time in what kind of 
helm ratio, even if it is at the maximum steering time, steering torque does not become 
excessive. Consequently, the controllability of a steering handle 2 is good, and since it is easy to 
turn a wheel 2. the minimum turning radius of a car can be stopped small. Furthermore, since the 
increase and decrease G of a ratio decrease rather than always [ forward ]. steering sensation 
can change and an operator can recognize having broken down. . . .r • ^ * 

[0071] Drawing 19 is the sectional view of a ratio modification means (the 2nd modification; at 
steering angle increase-and-decrease the list of a device concerning this inventiori. The 2nd 
modification is characterized by the steering angle increase and decrease 30 of a device being 
the nonstop variable speed gear which sets increase and decrease of a ratio as a stepless story. 
The configuration of the main control section 8. the configuration of the ratio modification means 
50 and other configurations of the steering angle increase and decrease 30 of a device are the 
same as the configuration of the 1 st modification shown in above-mentioned drawing 15 
drawing 18 . attach the same sign and omit the explanation. , ^ . u qi 

[0072] The steering angle increase and decrease 30 of a device specifically An input shaft Jl 
and the 1st smallness gear 32. The 1st chain sprocket 133 which gears with the 1 st srriallness 
gear 32. and the intermediate shaft 134 which carried out serration association of the 1st chain 
sprocket 133. an intermediate shaft 134 — relativity - it consists of the 2nd smallness gear 135 
which fitted in pivotable. the 2nd chain sprocket 36 which gears with the 2nd smallness gear 135. 
an output shaft 37. and a gear case 38. and has the epicyclic gear device ^A0 for carrying out 
variable speed of the rotational frequency of the 2nd smallness gear 135 further. The 1st chain 
sprocket 133 is a major diameter from the 1st chain sprocket 33. and the 2nd smallness gear 135 
is a major diameter from the 2nd smallness gear 35. j u- 

[0073] The epicyclic gear device 140 has a function as an infinitely variable device, and combines 
it with the 2nd smallness gear 135 at intermediate-shaft 134 list the sun gear 141 in which the 
epicyclic gear device 140 carried out serration association in detail at the intermediate shaft 134. 
and an intermediate shaft 134 — relativity — it consists of flywheel starter gear 144 of the 
shape of an internal tooth prepared in the 2nd smallness gear 135 in order to gear to two or 
more planet-gear 143 — arranged around the anchoring sun gear 141 pivotable to the disc-like 
carrier 142 which fitted in pivotable. and the carrier 142. and these planet-gear 143 
Therefore, the 2nd smallness gear 135 will be connected with an intermediate shaft 134 through 
the epicyclic gear device 140. A carrier 142 is driven with the motor 148 for gear change through 
the worm-gearing style 147 which consists of a worm 145 and a wheel 146. A wheel 146 is the 
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gear formed in the upper bed section of a carrier 142 at one. For 151,151. bearing and 152 are 
[ the snap ring and 1 54 — of thrust bearing and 1 53 ] pivots among drawing. 
.[0074] Drawing-20 is the mimetic diagram for an actuator of the epicyclic gear device concerning 
this invention (the 2nd modification), and it is shown that actuation control of the motor 148 for 
gear change is carried out in the main control section 8. The main control section 8 has the 
function to carry out the forward inversion of the motor 148 for gear change other than the 
function of the 1st modification of the above at a predetermined rotational frequency in 
response to the steering speed signal of a steering handle from the steering speed detector 149. 

[0075] Drawing 21 is the 21-21 line sectional view of drawing 19 . and shows the tabling 
structure of the 2nd smallness gear 135 and the 2nd chain sprocket 36 to the flat-surface 
cross-section structure list of the epicyclic gear device 140 of the 2nd modification. 
[0076] Next, an operation of the 2nd modification is explained based on drawing 19 and drawing 
22 Drawing 22 (a) - (c) is the operation explanatory view of the epicyclic gear device of the 2nd 
modification concerning this invention, (a) shows the case where a carrier 142 stops. Since 
planet-gear 143 — does not revolve around the sun. flywheel starter gear 144 are rotated at a 
basic rotational frequency, (b) shows the case where a carrier 142 rotates in a sun gear 141 and 
this direction. Since planet-gear 143 — revolves around the sun in a sun gear 141 and this 
direction, the rotational frequency of flywheel starter gear 144 decreases from (a), jho^s the 
case where a carrier 142 rotates to a sun gear 141 and hard flow. Since planet-gear 143 
revolves around the sun to a sun gear 141 and hard flow, the rotational frequency of flywheel 
starter gear 144 increases from (a). 

[0077] If a steering rate is smallness. the low-speed revolution of the flywheel starter gear 144 
will be carried out with the mode of (b). That is. the increase and decrease G of a ratio are 
reduced. On the other hand, if a steering rate is size, the high-speed revolution of the flywheel 
starter gear 144 will be carried out with the mode of (c). That is. the increase and decrease G of 
a ratio are increased. Thus, the increase and decrease G of a ratio are changeable into a 
stepless story by carrying out variable speed of the epicyclic gear device 140 according to a 
steering rate. For example, even if it is the case where the motor 101 (refer to drawing 9 ) for 
helm ratio control stops stopping and operating by a certain cause, increase and decrease of a 
ratio should be changeable into predetermined setting out by switching the steering angle 
increase and decrease 30 of a device which consists of a nonstep variable speed gear shown in 
drawing 19 by the epicyclic gear device 140. Therefore, the setting-out degree of freedom of the 
gear ratio after a change improves. . . ■ • 

[0078] In addition, in the gestalt and modification of operation of above-mentioned this invention, 
(1) steering angle increase and decrease 30 of a device should just combine the following three 
increase and decrease G of ratios with ariaitration so that the steering angle of a steering handle 
2 may be made to fluctuate. However. D is the scale factor of arbitration. 
** The increase and decrease G= 1 (an input shaft 31 and an output shaft 37 are uniform 

velocity) of ratio j. * 

** Increase-and-decrease [ of a ratio ] G=1 / D (an output shaft 37 slows down to an input 

shaft 31). . • 4. u ft 11^ 

** Increase-and-decrease G=D of a ratio (an output shaft 37 accelerates to an input shaft 31 
Therefore, the steering angle increase and decrease 30 of a device may be made into mechanical 
reducer styles, such as for example, a worm-gearing style and a bevel gear device, or it may be a 
device of an electrical machinery-control format Furthermore, the steering angle increase and 
decrease 30 of a device may be limited to neither a double reduction device nor a nonstep 
variable speed gear, and it may be a three-step reducer style. . • . u 

[0079] (2) The steering angle reduction device 30 is not limited to the thing equipped with the 

steering torque sensor 10. / . r x n j 

(3) A top and the bottom clutches 51 and 52 may be friction clutches (cone clutch etc.) and an 
electromagnetic clutch besides a "jaw clutch." ^ . ■ 

(4) The completion detection means 66L and 66R of the 1st-2nd setting out may be contained 

inside a gear case 38. . ^ u i- j 

(5) The completion detection means 66L and 66R of the 1st-2nd setting out may not be limited 
to a limit switch, and may be non-contact switches. 

[0080] 
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[Effect of the Invention] This invention demonstrates the following effectiveness by the above- 
mentioned configuration. Since claim 1 made the steering angle increase and decrease of a 
device for making the rate of the input angle of an input shaft to the steering angle of a steering 
handle fluctuate intervene between a steering handle and the input shaft of an adjustable helm 
ratio steering gear style, it can set up the steering angle property of a steermg wheel over the 
steering angle of a steering handle not only by the adjustable helm ratio steering gear style but 
by the steering angle increase and decrease also of a device. And since it was made to make the 
increase and decrease of a ratio of the steering angle increase and decrease of a device change 
with a ratio modification means, according to liking of the operation situation of a car and an 
operator, steering sensation is changeable into arbitration by changing increase and decrease of 
a ratio suitably with a ratio modification means. Therefore, the controllability of a steering handle 
increases further. 

[0081] Since a ratio modification means is the format of changing the increase and decrease of a 
ratio of the steering angle increase and decrease of a device in manual operation, claim 2 can 
make a ratio modification means an easy configuration compared with the format changed under 

power. , . X I * 

[0082] Since claim 3 equipped the ratio modification means with a regulation means to regulate 
manual operation for an engine performance signal at the time of a carrier beam, it cannot 
change increase and decrease of a ratio into it into engine performance. Therefore, into engine 
performance, the increase and decrease of a ratio of the steering angle increase and decrease of 
a device become fixed with as with a regulation means, consequently a helm ratio property does 
not change during transit, and steering sensation does not change rapidly. 
[0083] Since it was made for claim 4 to make increase and decrease of a ratio change with a 
ratio modification means at the time of below the predetermined vehicle speed, it can change 
increase and decrease of a ratio extremely only at the time of low-speed transit or a stop. 
Therefore, it can prevent that a helm ratio property changes and steering sensation changes 
rapidly during high-speed transit 

[0084] Claim 5 can change a helm ratio only in some [ near the minimum steering angle among 
the helm ratio properties of an adjustable helm ratio steering gear style ] narrow range, when a 
ratio modification means reduces the increase and decrease of a ratio of the steering angle 
increase and decrease of a device for the failure signal at the time of the steering system for 
cars breaking down rather than always [ forward ] at the time of a carrier beam. Since the helm 
ratio is small, even if it steers a steering handle on the maximum steering square, steering torque 
is small and ends. Therefore, moreover, even if it is at the failure time in what kind of helm ratio, 
even if it is at the maximum steering time, steering torque does not become excessive. 
Consequently, the controllability of a steering handle is good, and since it is easy to turn a wheel, 
the minimum turning radius of a car can be stopped small. Furthermore, when the steering 
system for cars breaks down, an operator can make It recognize, when increase and decrease of 
a ratio decrease rather than always [ forward ] to have broken down. 

[0085] Since claim 6 equipped the ratio modification means with the completion detection means 
of setting out for detecting that setting out of increase and decrease of a ratio was completed, 
when setting out of increase and decrease of a ratio is completed, it can emit a detecting signal 
from the completion detection means of setting out. and can enable engine restart based on this 
signal. Consequently, an engine cannot be restarted during modification of Increase and decrease 
of a ratio. Therefore. It can control with the steering sensation stabilized after setting out having 
not run In the imperfect condition and setting up certainly. And the completion detection means 
of setting out can be collected and attached to a ratio modification means. 
[0086] Since the steering angle increase and decrease of a device consist of a nonstep variable 
speed gear, claim 7 can set increase and decrease of a ratio as a stepless story freely. 
Consequently, the setting-out degree of freedom of a helm ratio property increases further. 
Especially, even if it Is the case where the motor for helm ratio control of an adjustable helm 
ratio steering gear style stops stopping and operating by a certain cause. Increase and decrease 
of a ratio should be changeable into predetermined setting out by switching the steering angle 
increase and decrease of a device which consists of a nonstep variable speed gear. Therefore, 
the settlng-out degree of freedom of the gear ratio after a change improves. 
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* NOTICES * 

_JP0 and UCAPi are not respons ible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] . . • • 

[Drawing 1] The whole steering system block diagram for cars concerning this invention 
[Drawing 2] The sectional view of the Johan section of the steering angle increase and decrease 
with a steering torque sensor of a device concerning this invention 

[Drawing 3l The sectional view of the bottom half section of the steering angle increase and 
decrease of a device concerning this invention 

[Drawing 4] The explanatory view of the change lever device concerning this mvention 
[Drawing 5] The sectional view of the detent concerning this invention 

[Drawing 6] It is the operation explanatory view of a ratio modification means to steering angle 
increase-and-decrease the list of a device concerning this invention. 

[Drawing 7] The whole adjustable helm ratio steering gear style block diagram concerning this 
invention 

[Drawing 8] The 8-8 line sectional view of drawing 7 
[Drawing 9] The 9-9 line sectional view of drawing 8 

[Drawing 10] The worm-gearing style concerning this invention, movable housing, and the related 

explanatory view of an input shaft j ^.u i * j 

[Drawing 11] Drawing 11 is the input shaft concerning this invention, coupling, and the related 

explanatory view of an output shaft . , . , ^- x • „ 

[Drawing 12] The working-principle explanatory view of the adjustable helm ratio steering gear 

style concerning this invention , . 

[Drawing 131 The helm ratio property diagram of the adjustable helm ratio steering gear style 

concerning this invention . . . 

[Drawing 14] The helm ratio property diagram of the steering system for cars concerning this 

[Pra'^ng 15] It is the sectional view of a ratio modification means (the 1st modification) to 
steering angle increase-and-decrease the list of a device concerning this invention. 
[Drawing 16] The explanatory view of the electromotive change device of the ratio modification 
means (the 1st modification) concerning this invention ..r •^ 

[Drawing 17] The circuit diagram of the ratio modification means (the 1st modification; 
concerning this invention . 
[Drawing 18] The control flow chart of the main control section concerning this invention 
[Drawing 19] It is the sectional view of a ratio modification means (the 2nd modification) to 
steering angle increase-and-decrease the list of a device concerning this invention. 
[Drawing 20] The mimetic diagram for an actuator of the epicyclic gear device concerning this 
invention (the 2nd modification) 

[Drawing 21] The 21-21 line sectional view of drawing 19 „j j-r- 

[Drawing 22] The operation explanatory view of the epicyclic gear device of the 2nd modification 
concerning this invention 

[Description of Notations] . ... * «*^^^:r,-r 

1 — The steering system for cars. 2 — A steering handle. 3 — Steering wheel 4 — A steering 
system. 5 — A steering shaft. 7 — Speed sensor. 8 [ — Change lever device. ] — A control 
means 30 — The steering angle increase and decrease of a device. 50 — A ratio modification 
means 60 62 — A change lever. 66L. 66R — The completion detection means of setting out 
(the completion detection means of the 1st-2nd setting out). 67 [ — An electromotive change 

htto://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 2006/07/24 



. JP,2000-043737.A [DESCRIPTION OF DRAWINGS] 2/2 ^— 

device. 121 / — The fault detection section, 140 / — Epicyclic gear device 140 as an infinitely 
variable device. ] — An engine control section, 68L, 68R — A regulation means (the 1st-2nd 
regulation means), 70 — An adjustable helm ratio steering gear style. 110 
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40 j^x.W^— 6 2 ^. ■g3^;t 6 2(D^K6 2 a 

6 3(1. 0iJx.(^. S«4r:'^^-ri5»'5 5(w^3iC«iAyfc7t?/v 
h-Cfet). :3?ir>{r—>?.3 8«^SfL3 8 dSrSilUT. 5fe 
jSS^®tfex.W<-6 2(Dft?L6 2 a (^^-^t"^ t CO-Cfo 

§]^;ttf>^6 3;d5i:T;^f^{c^B3-r^Ci:(;iJ:t). 
;j^7^^5^5 5Sr^bTW;titt3 7;6^tt:frlfi)(;i^lbb. ± 
•Ti5^7:y^51, 52^^^A.^o 
50 [0 0 2 5] EI4 (a), (b) (l*^PJ(^#6^l!fe;t 
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i/«aHS:> (a) (D:^:^-< zy^iUms \ t (b) (75*^ 

y/<65L, 6 5R^gaeLfcC^^7i^-ro ^^-o^ 
fitSS Ui. |gl3 0J::i^7 5/^5 1 4riifi^^t?it5ffiS 

[0 0 2 6] ±l£it^^3£^®5 0 (li|3#fi8J fi^ Sfe 
»1 • |g2^^^T^W^g:6 6 L, 6 6Rfi. 

ix/<-6 2<D;^>r:^^:frfR)pj«i{-gaBLfc2e<73!; ^ 2/ 

6 Lti. :/^4BS 1 -C¥QJ^;t 6 2ic^-r 

[0 0 2 7] ilB^SWaSSIi. ^1 •||2lS:3e^T^ 
m^ii6 6L, 6 6RO±^^'y^iii^VMt-^^T^7 

[00 2 8] ^h\^. it^^5^©50 ([a3#Rg) 

(c:#i!iSlf^SrS®Ji--53t«?)CO. Hi •m2^M^g6 8 
:fet:r-5mi •m2^$iJ^®6 8L, 6 8 RJi. VUy^ 

S 1 -e§]^^w^-6 2co§]:X#Sii6 2.b{ctf^ V>Q 
8 a255«^U-CP5/iJ^U m2«.*!j^l9:6 8Rfi. 
vmSS r-C«)^#gI5 6 2 bldf;^ h:/6 8 a;55« 

18 3 0O«igclt^ll-5£-Cfe5<, 3fefT'^t:Hjeftiti|*ttd5 



[0 0 2 9] 05 n:!^^m\c^^^m&mm(DWimm-vh 

$o ^«««6 4li. 3ttt6 ltC?g^L^::2ffi(;:)[M]^6 
la, 6 1 b ^ . 61a. 61b CO— :^{^iltR 6^1:1 
*R'g^-t"'5'i^—/^6 4 a t> /1-6 4 a SrHlflSe 1 a , 
6 1 b{i!J(wS^5l-r5JE)HI«ta6 4 b I£*ifi*a6 4 b 

o»|^;^^!SfiBi-511g5*3iC6 4 c i:^^?3/«?5o "Kift;! 

w<-6 2\'xm&mme 4i:mPLfc<Dx\ &:^-<>^^ 

Bs 1 >^{uMs r i!-Cx -(fi:fid5^?30< r 

[0 0 3 o] me (a) , (b) YX^^m\^^^hWt^'k 

(a) t*. -BJtftxLW^-e 2;ft^:&x^-< v^ffiSS n;ifc 

tt3 7S:Ji^$i±:rc<^SiS:^-ro C<7)^$. mtiM^ y 
>y^^i^5 4j^^±^l.Xs T^yy^5 2tm^^\^±^ 

/vcD^te^ft) {;i^-r5ttl:/jtt3 7coiEliE:ft<7)S»J-g^(:il 
(±i«it^G=i) -x?fc5c 

[0 0 3 1] (b) fi. •§]^*;tw<-6 2*;&>^^ Vi/ 

5 4;0^TI^Ur. ±^7 3/^5 l;d5fi?|^UT^7 5/^5 

30 m2±^^3 Q^T^yyf-^ 2(Dl&^xmti^3 7 
e*:>5o A;^*4 3 lo[ElfilSNi(c^bTm;^;W3 7CO 

fS3 i<DiE]^:ft{c^-r5aa;^W3 7(;5[Hi^^<^)f«j-a'fii 

[0 0 3 2] §]mx.W<-6 2^|?l>'&;^^ V:/{4BS 
1 (c;^^>'i/$-^^i:. ± • TiJ'^^/^S 1, 52flJi 
IB (a) <?5i^^{;iSte"r6o ^^;tw<- 

6 2Sr^®3i*^^(^T§3jft;t5Ci:lcJ:f9. 

«3 0(7)iiiait^G^G= 1 i:G= 1/6 ^{C, it^^ 
40 M^©5 OT^H^-^^ci<J:;65-e#^o 

[0 0 3 3] HI 7 \^:^%m\^^^^^^^)t^i^mm(o 

»g^«7 0f:i. 7!y^r>^Ktf=^:r>««7 1. SK)^ 

72. ^s^fvi^^M.! 3i:wmij^\^my'^mM^^^i^^y 

i/7 4{ClRS^Ufct<0-efe5o m»«7 2H. 
v?>:/7 4(Oii]^^»>i/>'i/7 4 a Lfciat^(7);'^^ 
-r-^?7 2a2:. 7^7"-^ 7 2 art(Cl^'L^Kjt-SfiBUfc 
o-^7 2bt. 7 2 b{l@^Lfcl=^^iOm:^Jtt 

7 2 c <i:75^^7:^5o ^ '>':^rv Kf=^:jr>'«<S7 1 

60 3/ ^ ft 7 5 Ji. ttl:^tt 7 2 c icleie^BglciJffi-r 6 i: 
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[0 0 3 4] ms\^m7 (Ds-s^mmm-^^^o 

e7>^>'>/7 6^(El«5pJlgi::^i^Ls ^I]b^N!>i^v>/7 6 
^{cAt}$A7 7«r(pItepII6(c^i#L. A;^)tt 7 7 ic:^ 5/ 
y^y ^i/7 8^^Urtij;^ffl7 9^iI^L. ttl 
;^tt7 .9 4r@:^^N!j7v>V>/ 7 4{:i[El$cprig(-^l^.Ufc>b 
tOTfeSo ^Iil^^!?i^:^i5^7 6 0lElte'1''6tA;^tt7 7 

Tfi. ^a^-f^o A;^tt7 7fl. gftffi^e, 6 (HI 
[0 0 3 5] l¥U<i±. A:hm7 7{c$^m'M:^i^-^(r>^ 

jtu z<D:fyy:fv>^7 s(Dm^-vrz.iiLm\cmtfiA7 

@^/N^7>:;v>/7 4fl. ±a5@^/Nl>v^>'i/7 4 b 

[0 0 3 6] ;^ i/:/y >i/7 8f^. A;^tt7 7coTS{c 
— f*:(wff^^L/c±gi5>''7>^v^8 1 t> ±^yy>i^S 1 
{w1gia[(OJ}?-/V8 2-SrtfrUX5SJgUfcTa5:7^Vv^8 

7 9 coiiS$?L 7 9a {C^J* Lfc»^$ft PpIW) 84^ 

fi^hf^^o f¥U<fl. ;^7iy7^y ^^7 8*:i. 

v>8 l(7)TS®t:ifiiJ»f®«7^-^-^?i^iKcO»i^«8 la* 

-/^WcOjgj^SSS 3 a 8 1 

a , 8 3 a 3 8 2 1 M^t^^X. 

itSla, 8 3 aOx-/^®(;i^T5C:^-C. ±-Ta5 
^'^Vi/Sl, 8 3Pp1*5SMU/cit(^'Cfe5o ^<^^c 
at). ;^;'>:/y Vi/7 8fl. Xtim7 7 \z.n\.X. ttil^l 

•tCiTtf^o ^SS?L7 9 af:itt!;^tt7 9^^^m>U^c{4g 
(Cfo«9, ^fett8 4»iA;^ltt7 7;J)^?3^i^L>bfci{fi: 

S(-fo5o rttfeigj»fL7 9 a ^:JI3Slft8 4{i. ^v^{;: 
[Eife pjfgicigs^ L c;:) -c & 5 c 
[0 0 3 7] co.t^C::;*' ';^:?'y :-^^'7 8*1. ®A;^# 

e^iglc^^-g^L. ©A:^3tt7 7{C»bT{i'L^UTt9:Jtb 

5o mm-rsii. ;i7 5/yy ^i/7 8{c:J:oT. A:^tt7 

7 ^tfcl;^)»6 7 9 ^fi. $fiii::S::fe'[^{;i^@>pf^ibpri^{::l.o 

[0 0 3 8] tti;^ia7 9fi:J1^j^ffi{C. y :y^r>' Kt:'':=^ 
^>««7 1 Sr7Si-lf::i:^>7 9 b^Jg^U ^COtf^. 

:fV7 9 h\^=7 y^^7 b(Dyy^ 7 5a t> 



(6) 

7;^h^Tyv^, 8 7fi^— K/v^r y 8 8, 

8 9 «Pt--f /Vix-zl-. 9 1 9 4 ItttS. 9 5 y 

9 6fil^S#/Vh. 9 7fl7^i5^;y-f h\ Mtt^a! 
0 3<7)tt^-Cfo5c 
[0 0 3 9] iKl 91^:1118 09- 9^SJfffi|ll'Cfcf?. 
^gl::joV^-c. 0 3<Dfflii::ftirffi]^JLopTa 

^^^\yly^7 e(DmU^'hOi^h^:i' — J-^^\ 0 3 i:K 
*f:&f^--SgBfLfct*t<H'L>Lfcteg{::. A>Jtt7 7<0[E]fe 

10 igsj^^ir \.x(Dm'k\tummmmm \ o i i^r i^ 

0 2*^Ur'5Jii[j/N[>v?>'i/7 6*{i] 
A:^tt7 7cD$ft^L>A4r^^$'1t-C. gfe 

fflmift^ 1 0 1 fi. sM^s 8 (m 1 (D^:sit©i 

Wt-^l^liS^CTiE ' iS5^L> A;'3tt7 7 (O^'L^A^^^ 

2 ^^\t%mmmmm i o i cdhj;^** i o i a tea 

SSL/C!>;t — 1 0 3 l>;i~Attl 0 3<0^7;^- — 
A 1 0 3 a ICBi^-g^^^^— >^^7 6 a ^Tii^ib/^-So ^'i-l' 

20 -/v7 6 a li•prib/^I}?^;>'>/7 eo^jaso— axtcjf^j^g 

[0 0 4 0] m^^^^i^>^7 4i^. At}m7 7(DmtL 

&^ikmir^m&'^>'^i 0 4*:^#j't^t«^-efe^o 

PL<fl. ^{4^r>i^l 0 4fl. •^ij[)/^^^:^>:/7 6C0 
^jS®(eJl^^£Lfc;^Affi7 6 bco^{Lfi:*^ffii-5Ci^ 

djiD. A;^*ft7 7 (Dm^-A(Dm^s.^mmm^^mir 

5t><0-C*>!9. ;j!7A® 7 6 bJrSUfcJfeffilfRl 0 4 a 

^M'b:^ y 10 6 UttS. 10 7 fi^- K/i--<T 

30 yv^. 1 0 Si^-f-y hXh^o 

[0 04 1] mi on^^m{zm^^:i'-j^^'^mm. 

A 1 0 3 a «51{e;£Cr*fe:fetbSimffimi!]1Sl 0 1 
(EI9#M) ■C[Hl^$tt5tit7:)'efe5o l>;^--i^l0 3 
a;55iE . ^^-^^^^ pII^J/^l>>^>'^/ 7 6 fi[H]g:S 0 O 
mmX^E • i^tet-^o ■^i()/^l>v?>i/7 6cO|Hle^^^L^O 
tAt}m7 7iDmt&^*bAtn. ^i'L^L-CV^6o 

pTi[]^^!?v^V:/7 eOlHJte:^ 0 (C^lSUT. A^ffl 
7 7CDlHietf''iL^AflAi--A2<^*5H-C^<k:"r6o -P^i^ 

40 (1) Mmm(om-mxnn&Ai<D{iLW:\^mii:h. 

(2) ffi3$«OSai-Cfi:^SA2<^ttS{e^{4-r^o * 

\^(DiEBx^^ mu^'bA(om:fj\^(DmiLmz = o) 

[0 0 4 2] Ell lfl*^W(-^5A:^)tt. :i^y:f.V> 
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fc6t#. A;^tt7 7<7)lEie4^'i> (tt'W At. Hi;':}** 

[004 3] A;'jtt7 7j&5lEliei-5i:> ^y^V^ifl 
8(7:'7}?-/^8 2--<7)^tffl{-c):'9. a^f* 8 4 ta:^)l* 7 
9 (0$*'L-Ie1 19 SriSElEj-r-^o -r^c^Jb-??. li^tt 8 4 f^ittJ:^ 

7 7(7:>[Hlte:^l:^J:oT. tH;^tt 7 9 tilnlte-r^o 
-C. [El^43'L>A75=^^[E]e^'L>B^-C<Ogggt^x (MSfi 
x) (pl^^''L-B7i»-bi^ffl,'&C*-C(OS§Kl^y (ii 

ffiSy) ir-r-So lE]tefp'L-A«Ai'-A2<^S5H-CSf-fk:i- 
5t(0-Cfo^. Cixt^iMUT. [H]S^'L>Bfi@S{4g-e 

-c. Ell 2XT>*iai 3{cS-^#Si?^-r5o 

[0044]lill2(a), (b) 

y«sin0=(y*cosj3 — X 

a= t a n"l ( (y • s i n 5) / 
[0 0 4 7] t*oT. ^n^.Ot^^.O{^t^hM.OiL^^ 

Co?J>^??'SCy--'S{aUfct#(i. ffi;^tt(7P[e]te:ftl^e 
l-e*>9. C<Ot#(7)A;^W<OlEie^Jia l-CfoSc iHl 
|a^vL>B i:j^ffl,-^.Ct(OF^{C[Hl^^'L>A;0^fe5(7)-C. 0 
U9i j3 lilHlte:^ a J: "9 >b/h^? < ^ ^ 1 filnllc^ a 

1 J: f!) (/3<a. jBKal) o 

[0 0 4 8] >(g:5gi^-CJ^[Eie4''il^A;^5:^SA2<^ 
-fSgliifo-Sco-C. |Hlte'^'L>AtlEie4''L^B tf:i-ik-r 
S£-:>"C. ii^iaxtiO (x = 0) -Cfc5o 

> A;^tt«^[Hlte:^ a 1 h tti;^«4<DlHie^ J3 1 fil^— "C 

fcS (a = 0. a 1 = i3 1) o 

[0 04 9] 12 1 3 Jt*:5l?^{-«5^^»e^tb^«6^« 

(D&g:ftlt1^i4^l§lT*^5o ^^Elfi. «lfi«rA;^l*7 7 
(^DlHie:^ (A;^){a!J[i]fe:S) a t :&(7:)SStt4:m;^tt 7 
9 (^(slfe^^ )3 i: :fe(7)^tt?:^';/iJ' 7 5 a(^;^ hn — 
rJ' t UT^U^ttOt^fcoT. j^xo. xidS^^s A 

TJ^S6*6^ii«miS3 0 4rt9:J-t>av>m'g^(;iov>T. 5fet^ 



(a) lc^-rJ:5(-. iS5*«6-C(;ilHie*'L^A7!)5:^SAi 
co{4S(:::fc6c -cott. ai;^lfico[E]e^3>iL>B <lr . A:^ 
tt(7:)leie^'L^Ai:. ^.^moY^^M.C t\t^ mtct^b^ 

¥®Et bTSUfcti^7)75^ mi 2 (b) r-^-So -t-^c^ 

^^t,. [Ill l{C:Jott5A. B, C(7)ifeU^;0^lill 2 (b) 
(7PA, B, C (Co) OffiOTCffi^i-^o 
. 10 0 4 5] **5. f^ffl.e:Cfi. [pie4''i>B*Ep'L^i: L 

!giJji5o#i;i<v\ -tc-C. :^g0* XJi:ftSl8 0' ^ 
as^*:tUfcCo, Ci8oS:#IBi-S-t"e. e^Bft^bUfco 

[0046]I?I12 (b) {CioV^T> ^ 

) tana (1) 
(y • c o s i3-x) ) (2) 

m^^hmh^^^j^xo^^. ^i^^Sx4^o(r:-ri^f^^xo<75 

[0 0 5 0] tC^-C. i^xi»^. A;^tt<7)[Elte^a/^i^ 

18 0*' (Dm'^\cmiim(om^^&t^\^o° 

^lt«l«e«ffi7 0{C*5tt5*ffl5« (A;'3M7 7. Jg^W 

8 4. W;^*S7 9) (n\tLm.mm^X'o^'&^fiho *u 

:J^/N>^ K/V'2co^fi6:fti:A:/3tttolE]te:ft a t;^^ 1^— C 
fco^ho m^\i. Sfe*fe^:d^0° ot#{^. A:/j#c^[EllS 

40 ) (Ott\C. Xti^(Om^^a,h 18 0° "Cfc 

Z<Dtci^^ •5T'^S6^1tfil]K««7 0«:. A;^W(^[fiI 
e:ftaO^@H (0** ^18 0" ) lcJ:>fcl9. 
:^ it (:i T it ^ a ;t ^ o 

[0 0 5 1] ^b{-ti> /^xiH. 0 

i^j^. A;btt<7)[EieAa75^'mfe9 0° J^Tlc:ioV^T^ga 
f>m<. 9 0° ^S;t5i:^ia7!>^#ov^tt^-efc^o b 
d-t. y/^nilt(Dikm (Elloafef6]S»3. 3;55gr:k:^ 

60 -5o ^xi7)5^»^Ji^*0-e. A;^$*co[Hie:^a;6>/h$v> 
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[0 0 5 2] ^^e^fi:, ^(DXv^J^S^f^lt^^^M'S.m 

ocoti?gM:^G=i. 'rt^i:>h. y K/v^ 
;^xTy K/^2(7)^^»&|5Ht::ip:/ho 

[0 0 5 3] ttz. mm^mmmm3 0(Dmu)^mG = 

1/6. -r*:b*b> ;^7^Ty hVV'2cD^St:^(w 
»L-CA;^tt7 7(7:)A;^f^|(?:»t'J-a^7i)5i/6{c«S'>-r5 

7S6c ^Ac. m^^^^0° (Ot^kC, 7<t}$i7 7(DmU 

-Cfo^ff. ^XQ, xif^iS^SCi/^^Cfc^feJgB^W'rSISlS 
(^i^{wT:^i-^xio, xii) T*fe^o CtDi^ne 

Ilv>^ga#tt-ei*f^^tt3, 3*«fefi6*t"Sci<b;d?-e 

> hvv2<7)^1^t6®H{;ih>fcioT. #ov^^iS4$tt-eSI 
f^^«3, 3Sr»g6-r6C.t;65T*#5o 
[0 0 5 4] mm f tttf . A:t3m 7 7 (D^mik a ti^^b § 

5 a(0;5; hn->J^i|#tt. -r/j^tJ-ib. S![fi]^»3, SOS 

«:SI«B^iiJS««3 0-C«S^l;'^-^fc^#{Cf^. -ej^fie^l 
l:b^te«1S 7 0 . Atim 7 7 <D\B\m^ a <D±mm<0 0 

-a5(7:^^v^®H (0° --m^P^) X\ #^(OSe:^lt 
[0 0 5 5] :ic^<J:5{-> :^'rT V l^i^y^^ h^^i^ 2 (Oi^ 

tft-M^mst^mmmmsoxmwL^^x. -^^m-Mit^ 

>'^^N>K/U2(0^fi£:ft{^>:*-r5^f^S:|&3, 3(0^16 



m^^mm 3 o «c i -c tKiSi-S :zi:t^X^^o 
<75i|i«lt¥G Sr tb^lEJE^® 7 0 -CSH^M-r 5 c t i:: 
[0 0 5 6] Ell 4fl*3i§^{c#>-5«:Mffl^^r y 

hVl-2<7)^j|t:^i U> 7 5 aO>^ hn->:^ 

ti.xmi.tih<ox&>^o z(Dmn±umi sii^Mi^i^i^ 

/i^2 ^&[Hl^^^i:3t^^^c^;fe^5>^*S^tt:^#ttS:W-r 
S c ^^-To. 

[ 0 0 5 7 ] 0 1 5 }^:^¥tm\^m^mtit^mmmm^xj^ 

{^itm^^^m (mi^jfm) (Dmmmxh^o mi^ 

m^^^^ 5 0 (D{&(Dm}S.Rrj^^^mmmm so (Dm 
i^x^cowLm^^^m-r^o 

[0 0 5 8] 11116 (a), (h) }t^^m{^^>^itm 

^^^^ (mi mm) (DmW}^w^A,mm(omMmx 
fc-So mm^^^^mmi 1 ofi. m^:^mmmmi 1 
1 1 . mm^mmmm 1 1. 1 (omt^m 1 1 1 a j::^^ u 

fcr:7;*--i^$4l 1 2^, !i7;*--ix#l 1 2<D^:t-J^l 
12a (CBg^^^'g^ 5 ^4 113^. /Jn-Y — /Ix 1 1 3 * 

;^^>i/^|g{;i^*-r^±IE^tt6 1 tk^-zh i 

3<7?S7L1 1 3 a{C*K^1--5y^cai:)0±ffi§Jm;tbf>6 3 

[0 0 5 9] §3mx.fflffi»^ 111 *ix -/H 1 3 
* (a) v^{4SS 1 (b) <7)*:^-r>^ffi 

^{5lSS Ui. 01 50±^7:y^5 1 ^si^-a^ip-it^ 

ifi^^ib-^-sffiS-efeSe 2j^-r— /v-i 1 3fi«ijsffiM?^ 

113a ±iEEl 4 (;i7j^'r:g?L 6 2 a ^ l^-«^-efo 
9. «]m;ttf>6 3SrM-feHfcJt±T(C^Sl^*^Sr.^ 

[0 0 6 0] milS:^^T^a^©6 6 Lfl. ^^-f >^ 
^{HWS l-ev1-^-r-/H 1 3(0^«1 1 3b{^SLT. 

^fi^vMs-^j ^^-r^o m2is:^^T^m^S6 6R 

f^. :t;^-r>i5^S rfig-C/l^-r— >'V1 1 3c02fedSl 1 3 

rT:^7iy^iif^vMf-^j ^^"T^o S^fs 114 
115, 1 1 6 HiftS:"C^^o 
[0 0 6 1 ] El 1 7fi*^P^{c#^it^^M¥S-(lll 
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{cS-:5VNT. ■9]gl;tfflmS)«l 1 1> y^W^^'S 

10 0 6 2] mt^^m 2 s:iwffl;^xTy ^-iT- 

0^) <:0ScKSr«imUTafcKft*Sr%-t-5t>c0-efe6o 
';/^{t^^^-r5i^7:y^-htf^^ 1 2 2 a ^ 

12 2bi:. ^^-y^itf^-f 2 2 a 

Ttf:^-r 2 2 b t^^m;15-<< . 2;^f^ (±T 
XJi^*) iw«iJLS{^-r^ w^-l 2 2 c .J:?!):^^*^^ 

2 2 c^51?JU#f^Ufcil^^^m}$-r5Ji^^ 

y^mm\ 2 2<7)»^t^5prig-cfc5;^l^s;^|^{-ov^ 

1, 5 2^7?la;^'g^V^^^^^tCoV^T. *^"r5t<0-Cfe 
[0 0 6 3] El 1 8 fi:*^P^{^>K6^ftW?Fl5cO$lJ^^]:7 n 

STOl ; ^7]«SIS::ES:-r5c (>^7i/S = O&TJ^T^ 0 

tK^-r^o ) 

ST0 2 ;#ffi7^-t$'*SS^i^tfo iMm^^^^i<r>% 

3i{t#. mi •»2iS:^^T^ttl^g6 6 L, 6 6RCO 

± • ^ iy^ua-a^vMt-^. acpsi^agfi 121 owft 

i5^7 2/^±frf -Ttf^-r 5/^1 2 2 a, 122bO 

S T 0 3 ; ^^Sl^SWT 5 k m/H r \^XV) 

(D^^'Q^^t^^^\%\^. YES"CfctVfi rST0 4j 
\Z.m^^ NOT?fetltf rSTOSj (^ittfc YES?Sib 
lg:a*ff^'XH#*^^-efo«9. ± • T^^y^S 1, 5 

ST04 \VyifS = Q}lW&\^X FSTOGj dot 

ST05 \ Vy^S= \ tK^LT TST 1 OJ l-it 

[0064] ST06; ffldS^^tUSR 12 1 d-?5*feRe{t# 
;5?*75^ofc;!i^^*ij5tL. YESTfctttf rsT0 7j 

ii;^^. NO-cfctt« rsTosj {wiit^. 



75 

ST07 \yyifi: = QhWL'^\^x rsTOQj \zm 

ST 0 8 ;:7 7^T=ltK3feU-C fSTlOJ (Cit 

STO 9 ; yf-^^-^^^^mx 2 3 t;i f^^^/^ 
«]«l^;=^-^2/^««l 2 20»f^755pT|B-cfc§j Z^Sr 

l^^^itT. rsT 1 1 J (^liitfo 

ST 10 ; :y^S^t^§^^gBl 2 31C S^yy"^ 
^mkTL^-i y^mm 12 2 <DSIft;6^^^-efe5 J 
10 rsT 1 1 J (Cittfo 

[006 51 STll ;SllS:^^T^ffi^e6 6 L?!>^ 

rsTi2j {iit^. NO-efciLfi rsTisj 

STl 2 ;§]m^fflm«)«l 1 l^rl^ih^itT. TST 
1 3J twiitfo "r^^^p-e>x ±iJ^7 5/^5 l<7)Bi-g^V>f^ib 

ST 1 3 ; ^^';/^Pt'a^V>^^a51 2 4 {:! r±i^^5'^ 
5 1 t^m^^'^^'^^^'^^^l - ^r^^^-^-C. r S T 
20 14J Idiitfo 

[0066] ST14 ; :7 y ^ S = 0 "Cfe^^^^^^J^ 
U YEST'fcnfi rsTisj icii;^. NO-Cfoixtf 

rsTo 2j ^— v-rso 

. ST 1 5 ; >'.7i/T = 0-Cfo5;^?-4'«^b. YE STfo 

tvji rsTiej {ciit;^, No-efctttf rsT 1 7j \z. 

STl 6 ; ^7 5/^Ttf;^-Yy^l 2 2 b;550N-Cfc^ 
;D^^?IJ^U. YEST'fetbfl rsTl 7J. JiliS^. NO 

•T?foti.*i rsT0 2j {cy ^^^-^-r^o 

30 S T 1 7 ; ^i^x.fflmi6« 111 S:iS?te$-^-C. r s T 

0 2J icy<5^— ^-r^o t^7:?^^5 2(Dii 

[0 0 6 7] STl 8 ;m2^^^T^m^S6 6R?5^ 
f,y>7y 5,^pS^V^^S^;i5&ofc^^^*lJ5eL. YE ST 
fott«rST19j {dii^. NO-e&tbf^ rST2 5J 

STl 9 ;^i^;tfflmi6«l 1 1 Srff Jh ^-frX. TST 
2 0J {cittfp -r^:?*^'^. T^J'^ry^S 2<^»i'g'VMtI!j 

40 ST2 0 ; ';/^Di'g^V^^^gI51 2 4 fT^^rv^ 
5 2 755Bi;^-g^VMt^^Hlfc5j C^Sr^^^iir-C, TST 

2 1 J {ciitfo 

ST21 ; V7i/S = O-efc5>0^^flJ^b> YESTfe 

tttf rsT2 2j (cii;^, NO-efett(* rsT0 2j 
y ^->-r5c 

ST 2 2 ; yy^T^OX^^t^^^y&X^. YE STfc 
ntl* rST2 3j tCii;^. NOTfctl.^ rST0 2j 

y ^-^--rSp 

ST 2 3 ; ^7 -y^itf;^^ -y^l 2 2 a ^^^ONTfe^ 
60 ;5>^rflJSU^ YES-Cfc^ttf rST2 4j NO 
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ST 2 4 ;«m;tffim»]^l 1 l^iES^i^-C. TST 

0 2J \:i])^->-r^o ir^i:t>'h. ±^ yy'f-S l<Dm 

S T 2 5 ; 7 ^/^^i-&V^^:^gp 1 2 4 TiiJ' 7 y 

^^HtT^ rsT02j {cv ^-i^-r^^a 

[ 0 0 6.8] >^^7":yyST 0 3'-ST 0 5, S T 1 4 3£ 

mc s T 2 1 (Dm^\-^. m^Mm£kT(D t # ic. 

--STOS, ST 1 5MlJ^(-ST2 20*'a'«. KP$^ 
i/yN > K/v 2 (^1^^:^ ^ {gi5g $ ii: ^ fc i^) <7)®:|^^»lfe 

[ 0 0 6 9] u±<Dmm^-hmh^-^j:xo{c^ ^smss 

SCO^IJW^^D-^-^— h(C*-^#, TIB (1) , (2) 
(1) 0r^*:3iJJJlT(c*5V^T. MW\m:^r-TV>:^mm 

;^f^oTV^5^#{-fi. l//^— 1 2 2 c{^-Ci5^^';/^± 
\f • TJf;^-< s/^122a, 122b irmtS^K^X. fifeJK 

1 ;55&Pt Lfc ^ # tcf^, 3 0 <Dmm.it^ 
[0 0 7 0] ±ai<0<}: 5(^1, hb^^^S^^ 5 0 (1. 4ScK 

m 1 5:t>'lll 1 3 {^Tjk-tx 0 \z,^ -ej^fE:^ ):t^wmm 7 0 
A:^tt 7 7 (t:)®^:^ a o^t5H<?5 0 ^>^ :ft/J-^S6A 

xry v^/^^'hvv2<:osfeJi^^^4;^5s<. xN>'hvw2*^ 

[0 0 7 1] EI 1 9 fi^^P^d-^^l^tS^P^if «^«3fct>* 

(ciit^^s^© (m2'X^«^y) cogfrffim-efo^o 
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[0 0 7 2] 3 0 fl. A;^ 

(4 3 It. mi/h=^ir3 2 ir. ^ 1 /h^ir 3 2 t ng;^^ 
^mi^'c^iri 3 3 ^i:*::¥-^i 3 3^±U-iyB 

>^^^\^fc^mm 1 3 4 1 . 134 {;i^g^[Ei^^ 

|^{::«^UfcB2/h:3?^-¥l 3 5 i:. ^2/h:3s?^l 35 t 
ofi^^5B2:fc^-V3 6 m:^tt3 7 ^^^-^^-^ 

mMm-r^tci^(DmmmMmm 140 ^<ix.fc>b<^-e 

fe5o m 1 1 3 3 1 :^^^ir 3 3 J: ti^^t? 
m2/h:3f^irl 3 5\tm2fh^^3 5X^h:k^X 

[0 0 7 3] 1 4 0 m^^mmmt u 

-CcD^^t^^^TL. tpfemi 3 4afeW;i||2/h^-Yl 3 5 
\Z.m^'^fch<DXi>^o SfL<{i. ^M#^m«14 0 
li. ^Fflttl 3 4l:i-fel^— v-s >^^Ufcl1^>^•¥l 4 
It. ^mmi 3 4(::ftM[E]e^|gt;i«^LfciR^it^c7) 

dE^-\'y'\'i 4 2 df^-^y -^1 4 2jw0tepjt6(-®#*t 

^>^^ 1 4 1 c^^M^^ {ClS^lJLfcffiifcfT^ieM^-Y 14 3 
-t. ZtibcomM^-Yl 4 3-{Cifi|^'g'P-<<||2/> 
^i-1 3 5{cn^'ff;i[Hm^(DV V^^-Vl 4 4 tf^^h^S: 

$o tSoT. m2/h:¥^-^i 3 5f^iffiMffi':$:m«i 4 0^ 

t^hu-c^rRitti 3 4{c^^-t-^r.ti;i/.^5o ^-yy-ti 

4 2f^. !j7;t- — Al 4 5 t/J^-r— /VI 4 6 
^-i^:3fr-^ia«l 4 7Sr^UT. ^jiffimib^l 4 8-C 

iEfb^tb^t>«^T*^5o :^t^-r— /i-i 4 6 fi. ^^y-ti 

4 2(^±SaS{;i— ft:(;i?i^ricUfc:^-tT*fo^o 15 
1, I5lli*ft§:> 1 5 2*^;;<.^p^ h-<r y Vi/. 15 
3flihJ?>*fe. 1 5 4-fl^tt-Cfc5o 

[0 0 7 4] l§]2 0{i;^^P^{r,'e^^^M®*:««<7)i&» 

8 ;)5^$ijfflia5 8 \z.xwmum^fi^i> :i sr^i-o . ^um 

SBSJi. ±f5mi'^m^!l<^^tgtOtelc. ^jKiSS^WSii 
1 4 9;0^?>>^7^r y >^/^^>^ K/V(;:)Sfefife3$S{t-^^^tt 

[0 0 7 5] El 2 1 f-iEl 1 9(D2 \ -2 \ ^KffiEI-Cfo 
<9 . m 2 '^?f^F!lOi®M«^=K« 14 0 0¥ffi»fffi«igM 

t/(-B 2 I35tm2:^^ir36t (nm^-^^^ 

[0 0 7 6] ^2m.Wm(0^m^mi 9S.l>*lil2 

2(::S<5#Si?Bi-^„ 132 2 (a) - (c) 

#5^2 Jf^^y (?:) iSM® o f^ffi tJi El 5 o 

^-t 1 4 3•••;05^eb?iV^^7)X^ y ^^^/^i' 1 4 4 fiS 
*[EJte»-C[Eltei-So (b) f:i. :^-yyirl 4 2d5l^v 

^^r^-Vl 4 1 t(^:^f^«C[H]^L/c:©-g^^^-ro ^M^i^l 
4 3-;0^1h>:¥ir 1 4 1 tl^*-f^{:i<i>fe-r^<^r% y >- 
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(c) «s ^^y-\'l 4 2j)5f-^df^l 4 1 
(Hl^Lfcii-&S:^-f-. ]SM=¥irl 4 3•••*S1^>'^■V 1 4 
1 t25*'(6]f--ii«c-r'5to-e. y V^^:^f-^1 4 4<0|Hiefe 

fi, (a) ^y)hm:k-r,^o 

[0 0 7 7] S*6aiSii5/jxt?fon«, (b) <0^- V{C 
HoX. y >'^'=¥-Vl 4 4*i£3Ilsl^$ii-5o -mcJp 

(c) ro^-KdioT. y v^^=sfiri 4 4^ig 

»t6:ftii«««3 0^, jefi«^«l 4 0-e«]m;tf) 

1 0 0 7 8 1 jS*3. ±wS^^m<o^1il&<r)mMRXf^^M 20 
(c*3v^-c. ( 1 ) Sfe)ie^ntj^i««3 0 ^T'r y viJ^ 

^tt^G^tt^t-iti.^-arfc'b'^'C'foti-fiiv^ (at. d 
®ti«H:s^G=l (A;/3*lli3 1 i{li::f3tt3 7 

if) o 

®iim^G= 1/D (A:']**3 iir*|-Ut:ttJ;^«i3 7 
;)^»j£) . 

(S)Ji«^tt;^G=D (A:titt3 ii::*tUTttl;^itt3 7d5i( 
ji) o =«' 

nmmmm 3 o 2 wci$i&wm'^mm^mmi^m^-r 

[007 9] (2) ^J^E^{S«««3 OfiJfefigh/Ui'-fe 
(.3) ±-T^ I, 5 2li. roft^'^-y^J <73 

(Ale. ^^i^?-;/^ (H1-V>J?7 5'^^) 40 

(4) fSl 'm2WC^^T^m¥S[6 6h, 6 6R«> 

(5) HI • l|2K:^^7«lttl^g:6 6 L, 66RJ4. 

lO 0 8 0] 



tt:^ d *f -r -5 A ;'3 W w A ^ <^#J -i- ^ i« « $ -li: S * <o 

sr. t7)5-e#s, tto-r, ;^7'Ty v^'/^:^ K/ko»«S 
[0 0 8 1 1 f**ii2tt. it^sH^s^^ ^mikmu 

[0 0 8 2] st*Il3(±. tb^^M^mt-s 3i>'i;>'f^ 

[0 0 8 3] ii4?ll4{±. m3t«iiStJlTrot#(C. tb^ 

[0 08 4] IS:*:iS5 (4, fct^SS^^S/J^ MWiM^T 

^^z^^' K/v«:ft:^8fefi6^|-c?ift)i6U-Ct>, SfetB h/i'^ fi'h 
i5'jlijg:*:(i/i5rtf4^j:v\ ;iroiS;S:, :^y'T}}>i^y^ 
f4, <:Mffl;^xTy >^^i£S>»5&iitUfc<!:#ir, jE«B# 

[0 0 8 5] n^mei-i. ttms^J^^m^c. mmit^<D 

(OiB*, ti«tt^OT^M*lcJ4, 3i>'vf^'S:Wi6ll)i-5 
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[008 6] iSjR«7 tt, ^^^mwLmmt-mm.^'mi 

1114] *^BJ(;i^2,^mxW<-ffifflwSil^^ 

me] ^mmim^wietfkmmmmmmzit^^w.^ 

[Els] El7(D8-8 
[09] I1I8C09- 9 

[Ell 0] :^^mic^^i>'^ ^-j^^-^mm. ^m^^'^i^ 

mil] mi l»i*^e^t-#5A;^*llix :^-yy^V^^y 

mi 2] :^mmi,cm?>'^^mnitmi:tmm(Di^wimm 
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[HI 3] %^mz.f^^^-^^^m)mmm<r^^'^\tm 



[El 1 4 ] imm^^^%m^7.7-T y v^^ig{i(7>jie^i 

tfcitftti^EI 

[lai 51 *?g?^(c#.5««t^*i«SI«3feWcJt^|g5 

[016] *%Bjtc#?)tt:^^5E#g: mimmm) <r> 

[017] 3t:5l?qic#5tb#^JE#S: mi^lf^W <0 

iE]es0 

[018] *^?qi;i#S^S!l»SC(0$!lffil7n-^-V'- h 
[019] *|g?«(r#,^,^gt^li«il«3£tJ«lCtt^^J5 

[02 0] *%?g(i#5»M#*»««5^ibg|5^>W«^ 

0 {.m2^mm) 

[0 21]019O21-21 WSimm 

[02 2] *38W{-«-5m2SjgfiajroieM®m««rof^ 



m^(r:>^m] 

i-Mmm^f'r])>i^^n. 2 ";^7^ry v^^^vk 

-^■!/iy'^yV. l-W&^^-y^. 3 0- 

mt'^nwmm. so-jtsp^M^©. e o--9]«i^i^ 

^<-m«> 6 2 "^}^xU^^-. 6 6L, 6 6R-1S3£ 
^7t^m#©: (^1 • ^2tg^^T«^ttJ#S) , 6 7- 
aiV-i^V^iJiaiaS, 6 8L. 6 8R-SM^g: (^1 

2^$fj^®) s 1 ^■■■^^^■h)kmmm. iio-m 
m^m^TLwm. 1 2 i-^mmm(>. 1 4 o-^g:^ 
\^x(om^MMmmi 4 o„ 
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